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(54) Vertically-aligned (VA) liquid crystal display device 



(57) A vertically alignment mode liquid crystal dis- 
play device having an improved viewing angle charac- 
teristic is ciscicsec. The disclosed liquid crystal display 
device uses a liquid crystal having a negative aniso* 
tropic dielectric constant, and orientations of the liquid 
crystal are vertical to substrates (12,13) when no volt- 
age being applied, almost horizontal when a predeter- 



mined voltage is applied, and oblique when an 
intermediate voltage is applied. At least one of the sub- 
strates includes a structure (20) as domain regulating 
means, and inclined surfaces of the structure operate 
as a trigger to regulate azimuths of the oblique orienta- 
tions of the liquid crystal when the intermediate voltage 
is applied. 
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Description 

Tne present invention relates to a liquid crystal cisolay (LCD), and more parucularly to a vertically-aligned (VA) 
LCD. 

3 An^.cng flat-panel displays enicymg image quality equivalent cf the one offered by the CRT. it is a liquid crystal dis- 

play (LCD) that has been rrost widely adopted ncwacays. In panicuiar. a thin-fiim transistor (TFT) type LCD (TFT LCD) 
has been adapted tc public welfare-related equspmem such as a personal ccn^puter. 'A^rd pfQcessor and OA equip- 
ment, and heme electric appliances including a per table television set, and expected to further expand its market. 
Accordingly, there is a demand tor further improvement of image quality. A description will be made by taking the TFT 

w LCD for instance. However, the present invention is net limited to the TFT LCD but can apply to a simple matrix LCD. a 
plasma addressing type LCD and so forth. Generally, the present inventiot? is applicable to LCDs which include liquid 
cr;/slal sandwiched beveon a pair cf substrates on wnictt elecrodes are respectively farmed and ca^iy out displays by 
applying voltage between the electrodes. 

Curr/antJy. a mode most widely adopted for the TFT LCD is a normally-white mode that Is implemented in a twisted 

(5 .nematic C '■^) ^CD. The Icchnology cf manufacturing the TN TrT LCD has outstandingly advanced in recent years. 
Contrast and color reprcducibillty provided by the TN TFT LCD have surpassed those offered by the CRT. However, the 
TM LCD has a critical drawback of a naaow viewing angle range. This poses a problem that the application of the TN 

LCD is limited. _ _ _ 

in an effcn to solve these prcWems, Japanese Examined Patent Publication Ncs. 53-48452 and 1-120528 have 

20 proposed an LCD adopting a mode referred to as an IPS mode. 

However, the IPS mode suffers from slow switching. At present, when a mctrcn picture representing a fast motion 
is displayed, drawbacks including a drawback that an image streams take place. In an actual panel, therefore, for 
improving the response speed, the alignment film is not rubbec parallel to the electrodes but rubbed in a direction 
shifted by about IS". However, even when the direction of rubbing is thus shifted, sfnce the response time permitted by 

25 the IPS mode is twice longer than the one permitted by the TN mcda. the response speed is very tow. Moreover, when 
rubbing is carried out in the direction shifted by about 15*, a viewing angle characteristic of a panel does not become 
unifcrm between the right and left sides of the panel. Gray-scale reversal occurs relative to a specified viewing angle. 

As mentioned above, the IPS mode that has been prcposed as an alternative fcr solving the problem on the viewing 
ar-te rnaracterisrlc of T,ccri r^s the problem that the characteristics offered by the IPS mode other than the 

30 viewing angle characteristic are insufficient. A vertically-aligned (VA) mode using a vertical alignment film has been pro- 
posed. Tne VA mode does not use a rotary polarization effect which is used in the TN mode, but uses a birefringent 
(double refraction) effect. The VA mode is a mode using a negative liquid crystal material and vertical alignment film. 
When no voltage is applied, liquid crystalline molecules are aligned in a vertical direaion and black display appears. 
When a predetermined voltage is applied, the Ik^uid crystalline molecules are aligned in a horizontal direction and white 

35 display appears. A contrast in display offered by the VA mode is higher than that offered by the TN mode. A response 
speed is also higher, and an excellent viewing angle characterisnc is provided for white display and black display. The 
VA mode is therefore attraaing attention as a novel mode for a liquid aystal display. 

Hcwever. the VA mode has the same problem as the TN mode concerning halftone display, that is. a problem that 
the light intensity of display varies depending on the viewing angle. The VA mode provides a much higher contrast than 

^ the TN mode and is superior to the TN mode in terms of a viewing angle charaaeristic concerning a viewing angle or 
a viewing angle characteristic: because even when no voltage is applied, liquid crystalline molecules near an alignment 
film are aligned nearly vertically. However, the VA mode is inferior to the IPS mode in terms of the viewing angle char- 
acteristic. 

It is known that viewing angle performance of a liquid crystal display device (LCD) in the TN mode can be improved 
45 by setting the orientation directions of the liquid crystalline molecules inside pixels to a plurality of mutually different 
directions. Generally, the orientation direction of the liquid crystalline molecules (pre-tilt angles) which keep contact with 
a substrate surface in the TN mode are restricted by the direction of a rubbing treatment applied to the alignment film. 
The rubbing treatment is a processing which rubs the surface cf the alignment film in one direction by a cloth such as 
rayon, and the liquid crystalline molecules are orientated in the ru'cb'tng direction. Therefore, viewing angle performance 
50 can be improved by making the rubbing direction different inside the pixels. 

Though the rubbing treatment has gained a wide application. It is the treatment that rubbs and consequently, dam- 
ages, the surface of the alignment film and involves the problem that dust is likely to occur. 

A method which forms a concavo-convex pattern on an elecrode is known as another method of restricting the pre- 
tilt angle of the liquid crystalline molecules in the TN mode. The liquid crystalline molecules in the proximity of the elec- 
55 trodes are orientated along the surface having the concavo-convex pattern. 

It is known that viewing angle performance of a liquid crystal display device in the VA mode can be improved by 
setting the orientation directions of the liquid cr/stalline molecules inskle pixels to a plurality of mutually different direc- 
tions. Japanese Unexamined Patent Publication (Kokai) No. 6-30 1 036 discloses a LCD in which apertures are provided 
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on a counter electrode. Sacn acerture ^aces a certer of a cixel eiectrcce and coiicue electric fields are generated at a 
center of' eacn pixel. The cneniavcn direcicns ci '^.e HcuiG crystalline nioiecules :nside eacn pixel are divided into two 
or four directions cue :o it)e cfclique electric fieics. However, the LZ2 cisc:csed in Japanese Unexamined Patent Publi- 
cation (KoKai) No. 5-30 1026 has a ;:rcblem thai its rssccnse (switcnirg) speed is not enough, particularly, a response 

5 speed for transition from a state in which no voltage is acclied to a state in which a voltage is applied is slow. A cause 
of this prcclem is presumed that no oblique electric Jieic exists wnen no voltage is applied between the electrodes. Fur- 
ther, because a length each area having ccntinucusiy onentec iiqu:c crystalline molecules in each pixel is a half of a 
pixel size, a time for all liquid crystalline molecules ;n eacn area to oe criented m one directicn becomes long. 

Further. Japanese Unexamined Patem Puciicaticn (Kckai) No. "-tS9lS3 discloses a VA LCO in which slopes hav- 

to ing cdierenx directions are provided on electrodes and *J".e cner.^aticn direcicns of the liquid crystalline molecules inside 
each pixel are divided. However, accnrdirg to the ciscicsod jcnstituticns. the vertical alignment film formed on the 
Glcoes are rubbv^. therefore, the VA lCC disclosed ir, JarJanose Unexamineu Patent Publication (Kokai) No-7-1991S3 
siso has the above-mentioned problem that dust is likel/ to occur. Further, according to the discfosed constitutions, the 
size of the sicoes is a half of the pixel, therefore, all iicuid cryst^sjline mclecuies faces the slopes are inclined, a gccd 

rs ciad< display cannc. he cbtained. This causes a reducion of contrast. Further, inciination angles of the slcpec are small 
because tv.'O or four slopec are provided across each pixel. !t is fcurc that the gentle slopes cannot fully define the ori- 
entation direcicns of the liquia cr/stalline molecules, in order to realize steep slopes, it is necessary to increase a thick- 
_ __nes3 of a strucnjre having slopes. However, when the thickness cf the strucoire becomes large, charges accumulated 
on the structure becomes large, mis causes a pnencmencn -ita: Tte liquid crystalline molecules do not change their 

20 orientations when a voltage is applied due to the accumulated charges. This phenomenon is so-called a burn. 

As described above, there are some problems to realize a civisicn of criernation directions of the liquid crystalline 
molecules for im;praving the viewing angle performance in the VA LCD. 

It is desirable to improve a viewing angle characteristic of a VA Iicuid crystal display, and to realize a VA liquid crys- 
tal display exhibiting a viewing angle characteristic that is as gcoc as the one exhibited by the IPS mode or better than 

25 it while permitting the same contrast and operation speed as the conventional liquid crystal displays. 

According to an embodiment of the present invention, in the VA mode em.plcying a conventional vertical alignment 
film and adopting a negative liquid crystal as a liquid crystal material, a domain regulating means is included for regu- 
lating the orientation of a liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is 
applied so that the orientation will include a plurality of directions within each pixel. The domain regulating means is pro- 

30 vided on at least one of the substrates. Further, at least one cf domain regulating means has inclined surfaces (slopes). 
The inclined surfaces include surfaces which are almcst vertcal to the substrates. Rubbing need not be performed on 
the vertical alignment film. 

In the VA LCO devjce. when no voltage is apclied. in almost ail regions of the liquid crystal other than the protru- 
sions, liquid crystalline molecules are aligned nearly vertically to 'Jie surfaces of the substrates. The liquid crystalline 

35 molecules near the inclined surfaces also orientates vertically to the inclined surfaces, therefore, the liquid crystalline 
m.olecules are inclined. When a voltage is applied, the liquid crystalline molecules tilt according to an electric field 
strength. Since the elecric fields are vertical to the substrates, when a direction of tilt is not defined by carrying out rub- 
bing, the azimuth in which the liquid crystalline molecules tilt due to the electric fields includes all directions of 360^ If 
there are pre-tilted liquid crystalline molecules, surrounding liquid crystalline molecules are tilted in the directions of the 

<o pre-tilted liquid crystalline molecules. Even when rubbing is not carried out. the directions in which the liquid crystalline 
molecules lying in gaps between -the protrusions can be restricted to the azim.uths of the liquid aystalline molecules in 
contaa with the surfaces of the protrusions. When a voltage is increased^ the negative liquid crystalline molecules are 
tilted in directions vertical to the electric fields. 

As merrtioned above, the inclined surfaces fill the role of a digger for determining azimuths in which the liquid crys- 

45 talline molecules are aJigned with application of a vcltage. Tne inclined surfaces need not have large area. With small 
inclinQci surfaces, when no voltage is applied, the liquid crystalline molecules in almost all the regions of the liquid-crys- 
tal layer except the inclined surfaces are aligned vertically to the surfaces of the substates. This can result in a nearly 
perfect black display. Thus, a contrast can be raised. 

Reference will now be made, by way of example, to the acccm.panying drawings, in which: 

50 

Figs. 1 A and 1 B are diagranns for explaining a panel structure and an operational principle of a TN LCD; 

Figs. 2A to 2C are diagrams for explaining a change of viewing according to a change of viewing angle in the TN 

LCD: 

Figs. 3A to 30 are diagrams for explaining an IPS LCD: 
55 Fig. 4 is a diagram giving a definition of a coordinate system employed in studying viewing of a liquid crystal display 
as an example of the IPS LCD; 

Fig. 5 is a diagram showing a gray-scale reversal areas in the IPS LCD; 

Figs. 6 A and 68 are diagrams showing examples of changes m display luminance levels of display in relation to the 



> r 



EP 0 884 626 A2 

polar angle: 

Figs. 7A :o 7C are diagrams fcr explatnmq a VA LCO and problems thereof: 

Figs. 3A :q 3C are diagrams fcr e^tpiammg rubt3ing treatrr.ent: 

Figs. 9A :o 9C are ciagrams for exciammg princpies ci :he present invention: 

5 Figs. lOA to IQC ara diagrams for explaining determination of an orientation by protrusions; 

Figs, 1 M to 11 C are diagrams showing examples of the protrusions: 
Rgs. 12A to 12C are diagrams shewing exarrples c{ realizing the domain regulating means: 
Fig. 13 is a diagram shewing overall ccrrfiguraticn ci a Wquici crystaJ pane! of the first embodiment: 
Figs. KA and MB are diagrams shewing the structure of a panel in accordance with a first embodiment: 

10 Fig. 1 5 is a diagram shc.ving the relationship between a pattern of protrusions and pixels in the first embodiment: 
Fig. 15 is. a diagram si'towing the pattern of protrusions outside a display area of the first embodiment; 
Hig. 17 is a seaionai view of tie LCD panel of the first emccdinent; 

Figs. ISA and 18£ are diagrams shewing the position of a liquia-aystal injection port of the LCD pane! of the first 
embodiment: 

ts - Fig. 19 is a diagram shewing ccnicjrs of protrusions in a prototype of the first embodiment defined by performing 
measurement using a tracer type coating thickness meter: 

Rgs. 20A and 20B are diagrams inoicating a change in response speed according to a change of spacing between 
protrusions in the. paneLot jtbejicst^embodiment; : 

Rg. 21 is a diagram indicating a change in switching speed according to a change of spacing between protrusioris 
20 in the panel of the first embodiment; 

Fig. 22 is a diagram showing a viewing angle characteristic of the panel of the first embodiment; 

Figs. 23A to 23C are diagrams showing changes in display luminance levels of the panel of the first errbodiment; 

Figs. 24A and 24B are diagranrts showing changes in display luminance levels of the panel of the first embodiment; 

Rg. 25 is a diagram shewing a viewing angle characteristic of the panel of the first em.bodiment having a phase- 
25 difference film; 

Figs. 25A to 26C are diagrams showing changes in display luminance levels of the panel of the first embodiment 
having a phase-difference film; 

Fig. 27 is a diagram for explaining occurrence of light leakage near the protrusions: 
Rg. 23 is a diagram shewing a change in transm-ittance according to a change of applied voltage; 
30 Fig. 29 is a diagram showing a change in contrast ratio according to a change of applied voltage; 

Fig. 30 is a diagram showing a change in transmittance of white display according to a change of height of protru- 
sions in the pane! of the first em.bodiment; 

Rg. 31 is a diagram showing a change in transmittance of black display according to a change of height of protru- 
sions in the panel of the first embodiment: 
35 Rg. 32 is a diagram showing a change in contrast ratio according to a change of height of protrusions in the panel 
of the first embodiment: 

Rg. 33 is a diagram showing a pattern of protrusions of the second embodiment; 

Fig. 34 is a diagram showing a pattern of protrusions of a third embodimem: 

Fig. 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment; 
^ Fig. 36 is a diagram showing an alignment of liquid crystalline molecules near apices of the protrusions; 

Rgs. 37A and 37B are diagrams showing shapes of protrusions of a fourth embodiment: protrusions; 

Figs. 38A and 388 are diagrams shewing a structure of a panel of a fifth embodiment: 

Fig. 39 is a diagram shewing a pattern of slits of a pixel electrode of the fifth embodiment; 

Fig. 40 is a diagram showing an example of alignment of liquid crystalline molecules at a connection of slits; 
45 Fig. 41 is a diagram showing generations of domains in the panel of the fifth embodiment: 

Rg. 42 is a diagram showing shapes of protrusions and slits of a sixth embodiment: 

Rg. 45 is a diagram showing generations of domains at corners of the protrusions and slits in the panel the sixth 
embodiment: 

Fig. 44 is a plan view of pixel portion in a LCD panel of the sixth embodiment; 
so Rg. 45 is a diagram showing a pattern of pixel electrodes of the sixth embodiment: 
Fig. 45 is a sectional view of the LCD panel of the sixth embodiment: 

Rg. 47 is a diagram showing a viewing angle characteristic of the panel of the sixth embodiment: 

Figs. 48A to 48C are diagrams showing changes in display luminance levels of the panel of the sixth embodiment; 

Rgs. 49A and 498 a''e diagrams showing a modification of pattern of pixel electrodes of the sixth embodiment: 
55 Figs. 50A and SOB are diagrams showing a pattern of pixel electrodes and a structure of a panel of the seventh 
en^odiment; 

Fig. 51 is a plan view of pixel portion in a LCD panel of the seventh embodiment; 
Fig. 52 is a diagram showing a structure of a panel of an eighth embodiment: 
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Figs. 53A to 53J are diagrams sricwmg a process .'cr producing a TFT substrate of the eighth embodimerrt; 
Fig. 54 IS a diagram showmg a pattern of protrusions a pane* of a ninth emdocJiment: 
Fig. 55 iS a plan view of puel portion m a LCO panei of the ninth embodiment: 
Fig. 56 <s a diagram showing a modification of pattern of protrusions of the ninth emiDOdiment; 
5 Figs. 57A and 57B are diagram.s for explaining irrffuences of oclique alecnc fields at edges of an electrode; 
Fig. 53 IS a diagram for exclainrng a problem occurred in a struoure using zigzag protrusions: 
rig. 59 Is a diagram shewing in enlarged .*c«*m the neighfccrhccd cf a portion where a scWieren structure is 
observed: 

Fig. 50 is a diagram showing a region where response speed are reduced: 
10 F'Qs. 51 A and 5i B are secionai views of the portions where the response speed is reduced; 

Figs. 52A and 523 are dianrams showing a fundamental an-angement of a protrusion with respect to an edge of 
pixel electrode iu a tenth emoixiimert; 

Fig. 53 is a diagram showing an arrange.nent of protrusions tnthe tenth embodiment; 
Fig. 54 is a detailed diagram shewing a distinctive poaion of the tenth emccdiment; 
15 ■ Figs. 55 A ar.c 653 are diagrams for explaining a change in crieiTvation direction by irradiation of ultraviolet light; 
Fig. 66 is a diagram showing a m.odification of the tenth embodiment; 

Figs. 67A to 57C are diagrams for explaining desirable arrangements of the protrusions and an edge of the pixel 
electrodes . , . 

Fig. 63 is a diagram for explaining desirable arrangements of the depressions and an edge of the pixel elearode; 
20 Figs. 69A and 6S8 are diagrams showing desirable arrangements of the protrusions and edges of the pixel eiec- 

trode; 

Figs. 70A and 708 are diagrams showing a pattern of protrusions of a eleventh embodiment; 
Fig. 71 is a diagram showing an example in which discontinuous protrusions are provided in each pixel; 
Fig. 72 is a diagram shewing shapes of the pixel electrodes and protrusions of a twelfth ennbodiment; 
25 Fig. 73 is a diagram showing a modification of shapes of the pixel electrodes and protrusions of a twelfth embodi- 
ment: 

Fig. 74 is a diagram showing a modification of shapes of the pixel electrodes and protrusions of a twelfth embodi* 
ment; 

Fig. 75 is a dtagram showing a pattern of protrusions of a thirteenth embodiment; 
3c pigs. 76A and 768 are sectional views of the third embodiment: 

Figs. 77A and 778 are diagrams showing an operation of a storage capacitor (CS) and a structure of electrodes; 
Figs. 7aA and 788 are diagrams shewing an arrangement of protrusions and CS electrodes of a fourteenth emljod- 

iment; 

Figs. 79A and 798 are diagran^ showing an arrangement of slits and CS electrodes of a n^ification of the four- 
35 teenth embodiment; 

Figs. 80A and 808 are diagrams showing an arrangement of protrusions and CS electrodes of an another modifi- 
cation of the fourteenth embcdiment: 

Figs. 81 A and 818 are diagrams showing an arrangement of protrusions and CS electrodes of an another modifi- 
cation of the fourteenth embodiment; 
40 Fig 32 is a diagram showing a pattern of protrusions of the fifteenth embodiment; 

Figs. 83 A to 830 are diagrams for explaining alignment changes of the liquid crystalline molecules in the fifteenth 
embodiment; 

Fig. 84 is a diagram showing a viewing angle characteristic of the panel of the fifteenth embodiment; 
Figs. 85A to 850 are diagrams showing changes of response times between gray-scale levels in the fifteenth 
45 emoodiment. TN LCD. and other VA LCDs: 

Figs. 86A and 868 are diagrams showing an arrangement of protrusions of a modification of the fifteenth embodi- 
ment; 

Fig. 87 is a diagram showing an arrangement of protrusions of another modification of the fifteenth embodiment; 

Fig. 38 is a diagram shewing an arrangement of protrusions of another modification of the fifteenth embodiment; 
50 Fig. 89 is a diagram showing an arrangement of protrusions of another modification of the fifteenth ennbodiment; 

Figs. 90A and 908 are diagrams showing a structure of protrusions of a sixteenth embodiment; 

Fig. 91 is a diagram showing an arrangement of protrusions of the sixteenth embodiment; 

Figs. 92A and 928 are diagrams showing a structure of a panel of a seventeenth embodiment; 

Fig. 93 is a diagram showing a structure of a panel of a eighteenth embodiment; 
55 Fig. 94 is a diagram showing a structure of a panel of a nineteenth embodiment: 

Fig. 95 is a diagram showing a structure of a panel of a twentieth embodiment: 

Fig. 96 is a diagram showing a structure of a panel of a modification of the twentieth embodiment; 

Fig. 97 is a diagram showing a structure of a panel of another modification of the twentieth ennbodiment; 
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Fig. 98 IS a diagram showing a strucure cf a panel or another mccrficaticn ci the twentieth emboctiment; 

Figs. 99A and 99B are diagrams snowing a strucoire ci a panel d a 21 si errccxiiment: 

Figs. tOOA and 1CQ3 are diagrams for exoiaining an mrluence of an assemcly error to the alignment division; 

Figs. 101 A and lOi 8 are diagrams snowing a strucure of a panel of a 22nd emcodiment: 

Fig. 102 is a diagram showing a structure ci a panel cf a 23rd en^zociment: 

Figs. 103 A and 103B are diagrams showing a strucure of a panel of a 24th emccdimeni: 

Fig. 104 is a diagram shewing a pattern of protrusions to which rhe strucure of the 24th embodiment is applied: 

Figs. 105A and 105B are diagrams showing a strucure of a panel cf a 25th enrfiodiment; 

Fig. 106 is a diagram shewing a structure cf a panel in which a reiaticnship of response time with respea to a gap 

length between protrusions is measured; 

Fig. 107 is a diagram shewing the reiaticnship cf response time with respeC to ti^e gap length; 
Figs. 103A and 1086 aro diagrams shewing a reiaticnship ot a \fartsmit:ance wth rtspect tc a gap between protru- 
sions; 

Figs. 109A and lOSB are diagrams showing an operational principle of the 25th enrfcodiment: 
Fig. no 'S a di^rram showing ^ t^ructure ci a panel cf a 26th errccdiment: 
Fig. n 1 is a diagram showing a viewing ;^ngle characeristic of th.e panel cf the 26th em.bodiment; 
Fig. 1 12 is a diagram shewing a. pattern of protrusions of noimal types; 

Fig. 1 13 is a diagram showing wavelength dispersion characterisac of the cpticai aniso trcpy of the liquid gystaj; 

Fig. 1 14 is a diagram shewing a pattern of protrusions of a 27th embodiment: 

Fig. 1 15 is a diagram showing a relation between an applied voltage and transmittance: 

Fig. 1 16 is a diagram showing a pattern of protrusions of a 28th errijodiment: 

Rg. 1 1 7 is a diagram showing a pattern of protrusions of a 29th enrcodiment: 

Fig. 1 18 is a diagram shewing a pixel structure of the 29th embc-diment; 

Fig. 1 19 is a diagram showing shapes of protriistons of a 30th errcodiment: 

Fig. 120 is a diagram showing a change of transmittance accorcing to a change of height cf protrusions: 
Fig. 121 is a diagram showing a change of a contrast ratio accon:ling to a change of height of protrusions; 
Fig. 122 is a diagram showing a change of transmittance in white level according to a change of height of protru- 
sions; 

Fig. 123 is a diagram shewing a change cf transmittance in black level according to a change of height of protru- 
sions: 

Figs. 124A and 1248 are diagrams showing pixel structures of an modification of the 30th ennbodiment: 

Figs. 125A and 125B are diagrams showing shapes of protrusicr^ of a 3ist embodiment; 

Fig. 125 is a diagram showing a relationship between a tMsteC angle and a thickness of liquid crystal layer in a 

panel of the VA LCD; 

Fig. 127 is a diagram showing a relationship between a relative luminance of white level and a retardation of liquid 
crystal in the panels of the VA LCD and TN LCD; 

Fig. 128 is a diagram showing relationships between transmittances and a retardation of liquid crystal at respective 
wavelengths in the panel of the VA LCD; 

Fig. 129 is a diagram showing relationships between response times and a gap between protnjsions at respective 
wavelengths in the panel of the VA LCD; 

Fig. 130 is a diagram showing relationships between an aperture ratio and a gap between protrusions at respective 

wave<engths in the panel of the VA LCD; 

Fig. 131 is a diagram showing a strucure cf a panel cf a 32nd embodiment; 
Fig. 132 is a diagram showing a strucure of a panel of a modification cf the 32nd embodiment: 
Fig. 1 33 is a diagram shewing a struCure of a TFT substrate cf a 33rd embodiment; 
Figs. 134A and 1348 are diagrams showing a pattern of protrusions of the 33rd embodiment; 
Fig. 135 is a diagram shewing a structure of a panel cf a 34th embodiment: 
Figs. 136A and 136B are diagrams showing a pattern of protrusions of the 34th embodiment: 
Figs. 137A to 1370 are diagrams showing a process for producing a TFT substrate of the 35th embodiment: 
Fig. 138 is a diagram showing a struCure cf a TFT substrate of the 35lh embodiment: 
Figs. 139A to 139G are diagrams showing a process for producing a TFT substrate of the 36th embodiment; 
Figs. 140A and 1408 are diagrams for explaining a problem of dielectric substance on an electrode; 
Figs. 141 A and 1 41 8 are diagrams showing a strucure of protrusions of a 37th embodiment: 
Figs. 142 A to 142E are diagrams showing a process for producing protrusions of the 37th embodiment: 
Fig. 143 is a diagram showing a struCure of protrusions of a 38th embodiment: 
Figs. 144A and 1448 are diagrams showing a change of a shape of a protrusion due to baking: 
Ftgs. 145A to 145E are diagrams showing a change of the shape of the protrusion according to baldng tempera- 
tures: 
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Figs. MBA to 146C are diagrams showing a cnange of the shape of the protrusion accorcJing to a wjcJth of the pro- 
trusion; 

Figs. 147A and 147B are diagrams shewing proirusicns and a forming condition ci the vertical alignment film; 
Figs. MSA :o M8C are diagrams shewing an example of a method of forming protrusions according to a 39th 

s emoociment; 

rigs. M9A and MSB are diagrams shewing an another example of a method of forming protrusions according to 
the 39th embodiment; 

Fig. 150 is a diagram showing an another example of a method of forming protrusions according to the 39th 
embodiment; 

to Figs. 1 5 1 A and 15 1 8 are diagrams showing changes of a repellent occurrence ratio according to the ultraviolet light 

irradiation; 

Figs. • b?.A to 1 520 are diagra.-ns showing an another exan.plfe of a method of forming protrusion^ according to the 
39th embodiment; 

Figs. 153A to 153C are diagrams shewing an another example of a method of forming protrusions according to th« 

?; . 39th eh':}c<3iment; 

Figs. 154A and iS4B are diagrams showing an another example of a method cf forming protrusions according to 
the 3Sth emoodiment; 

_ Figs. 155A and t55B are diagrams shewing an ancUier example of a m ethod of forming protrusions a ccording to 
the 3Slh embodiment: 

20 Fig. 156 is a diagram showing a temperature condition of the method shown in Figs. 155A and 1558; 

Figs. 157A to 157C are diagrams showing an another example of a method of forming protrusions according to the 
39th embodiment; 

Fig. 158 is a diagram showing a struaure of a panel cf a prior art provided with black matrices; 
Fig. 159 is a diagram showing a struaure of a panel of a 40th embodiment; ... - - . . _ - 

25 Fig. 1 60 is a diagram showing a partem of protrusions of the 40th embodiment; 

Fig. 161 is a diagram showing a shade pattern (black matrices) of a 4lth em.bodiment: 
Fig. 162 is a sectional view of a panel of the 41 st emtxjdiment; 

Fig. 163 is a diagram showing pixels and a panern of protrusions of a 42rxd embodiment; 

Fig. 16*^ is a ciagram showing a srructure of a prior art panel having spacers; 
30 Figs. 1 65A and 1 658 are diagrams shewing strucUjres of panels of a 43rd embodiment and an modification thereof; 

Figs. 166 A and 1668 are diagrams showing structures of panels of modifications of the 43rd embodiment; 

Fig. 167 is a diagram showing a structure of a panel of a modification of the 43nj embodiment: 

Figs. 163 A to 168C are diagrams showing a process of a panel of a 44th embodiment; 

Fig. 169 is a diagram showing a relationship between a scattered density of spacers and a cell gap in the 44th 
55 embodiment; 

Fig. 170 is a diagram shewing a relationship between a scattered density of spacers and generations of blemishes 
when a force is applied to the panel: 

Figs. 171 A and 1 71 8 are diagrams showing chemical formulas of crown added to protrusion materials so that the 
protrusions have ion absorption ability: 
40 Figs. 172A and 172B are diagrams shewing chemical formulas of kryptand added to protrusion materials so that 
the protrusions have ion absorption ability: 

Figs. 173 A and 1736 are diagrams showing structures of CF substrates of a 45lh embodiment and a modification 
thereof: 

Fig. 174 is a diagram showing a structure of a panel cf a 46th embodiment; 
4S Figs. 175A and 1758 are diagrams showing structures of CF substrates of another modifications of the 46th 
embodiment: 

Figs. 176A and 1768 are diagrams showing structures of CF substrates of another modifications of the 46th 
em.bodiment: 

Figs. 177A and 1778 are diagrams showing structures of CF substrates of another nnodifications of the 46th 

5C embodiment: 

Fig. 178 is a diagram showing a structure of a panel cf an another modification of the 46th embodiment: 

Figs. 179A and 1798 are diagrams showing structures of CF substrates of another modifications of the 46th 

embodiment: 

Figs. 1 80 A and 1 808 are diagrams showing structures of CF substrates of another modifications of the 46th 

55 embodiment: 

Figs. 181 A to 181G are diagrams showing a process for forming protrusions on the CF substrate according to a 
47th emtxDdiment: 

Fig. 182 is a diagram showing a struaure of a panel of the 47th embodiment; 
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Figs. 183A and '80B are Ciagrams shoeing a process for fcrmtng biacK matrices of the CF substrate according to 
a A8th emdodiment; 

Figs. 184 A and iS^a are diagrams showing a structure of a panei of the 45th embodiment: 
Ftgs. 185A 10 185C are diagrams showing a process f(3f forming protrusions on the CF substrate according to a 
5 49th embodiment: 

Fig. 186 js a diagram shewing a structure of a panel of the 49th embodiment: 

Fig. 1S7 is 3 diagram shc//ing a process for forming protrusions on ihe CF substrate according to a 5Gth em.bodi- 
ment; 

Figs. 138A and 188B are diagrams showing a structure of a panel of the 50th embodiment: 

JO Fig. 189 is a diagram shewing a strurture of a CF substrate of a 5Uh embodiment: 

Figs, 190 A and ^SOB are 'jiagrar.^.s snowing structures of CF substrates of mocrf (cations of (he Sith embodimerrt: ' 
Fig. 191 IS a diagram shcwi.-ig ^truc+ures of CF substrates of modrficationi: of the 5ith emfcodimsr.t; 
Fig. 192 is a diagram shcwinci structures of CF substrates of modifications of the 5Kh embodiment; 
Fig. 193 is a diagram showing a structure cf a panel of an another modrfication of the 5Cth embodiment: 

/3 . Fig. 194 is a diagram shewing an exam.ple or z product em.ploying ihe LCD in accordanca with the present inven- 
tion; 

Fig. ;95 is a diagram showing a structure cf the procuct shown in Fig. 197; 
Figs. 1 96 A and .1.963 are diagranis .showing examples of arrangefrients o_/ the protrusions in the product: 

Fig. 197 is a flowchart shewing a process of a panel according to the present invention; 
20 Fig. 1 98 is a flowchart shewing a process of forming protrusions; 

Rg. 199 is a diagram for explaining a process of forming protrusions by printing: 

Fig. 2C0 is a diagram shewing the corrfiguration cf a liquid-crystal injection apparatus: 

Rgs. 201 A and 2018 are diagrams showing exan-iples of the positicns of Iiquid<rystal injection ports of the LCD 
panel; 

25 Figs. 202A and 202B are diagrams showing exan^ies of the positions of liquid-crystal injection ports of the LCD 
panel; 

Figs. 203 A and 203 B are diagrams showing examples of the positions of liquid-crystal injection ports of the LOO 

pane): 

F'.Q. 2C- :s I Giagrim shewing a structure cf electrodes near the liquid -crys^jil injection port in the panel of the 
30 present invention; 

Figs. 205 A to 205C are diagrams for explaining a defect due to contamination by poiyur ethane resin and sWn in the 
VA LCO: 

Fig. 206 is a diagram showing a relationship between a size of polyurethane resin particulate and a size of defective 
area: 

35 Fig. 207 is a diagram shewing a simulation result of a relationship between a display frequency and an effective 
voltage at respective specific resistances: 

Fig. 208 is a diagram showing a simulation result of a discharge time at respective specific resistances; 

Fig. 209 is a diagram showing a simulation result of a discharge time at respective specific resistances: 

Rg. 210 is a diagram shewing a fundamental constitution cf the prior art VA LCD; 
<o Fig. 211 is a diagram showing a viewing angle characteristic (contrast ratio) of the prior art VA LCD; 

Fig. 212 is a diagram shewing a viewing angle characteristic (gray-scale reversal) of the prior art VA LCD; 

Fig. 213 is a diagram shewing a fundamental constitution of the panel of according to the present invention: 

Rg. 214 is a diagram showing a viewing angle charaaeristic (contrast ratio) of present invention: 

Fig. 215 is a diagram shewing a viewing angle characteristic (gray-scale reversal) of present invention: 
<5 Fig. 21 6 is a diagram for explaining characteristics of a retardation film; 

Rg. 217 is a diagram shewing a constitution of a panel of a 52nd embodiment: 

Fig. 218 is a diagram showing a viewing angle characteristic (gray-scale reversal) of die 52nd embodiment: 
Rg. 219 is a diagram shewing a viewing angle characteristic (gray-scale reversal) of the 52nd ennbodlment; 
Fig. 220 is a diagram shewing a relationship of a polar angle at which a predetermined value of contrast can be 
so obtainea with respect to a retardation in the 52nd emt>odiment: 

Fig. 221 is a diagram shewing a constitution of a panel of a 53rd embodiment: 

Fig. 222 is a diagram showing a viewing angle characteristic (gray-scaie re^yersal) of the 52rd Qmbod'iment; 
Fig. 223 is a diagram showing a viewing angle characteristic (gray*scale reversal) of the 52rd embodimem: 
Fig. 224 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
55 obtained with respect to a retardation in the 53rd embodiment: 

Fig. 225 is a diagram showing a constittrticn of a panel of a 54th embodiment; 

Rg. 226 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respea to a retardation in the 54th err^odiment; 
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Fig. 227 IS a ciagram shewing a change of an upper 'imit to ihe cctirnum concrticn regardng contrast with respect 
to a retardanon jn the S'lth smfcodiment; 

rig. 223 is a ciagram snowing a change of a polar angle ai wmch no gray-scale reversal is generated with respect 
to a retardaticn in the 54th 5n"4DOfliment: 
5 Fig. 229 ts a diagram snowing a change of an upper limit to the optimum condition regarding gray-scale reversal 

with respec to a retaraation in the 54th emcodiment: 

Fig. 230 is a diagram anov/sng a vic.ving angle characteristic (gray-scaie rcvcma!) cf the 55th embodiment; 

Fig. 231 is a diagram showing a viewing angle characteristc (gray-scale reversal) of the 55th emfcodiment; 

Fig. 232 is a diagram showing a constitution of a panel of a £6th em^codiment: 
10 Fig. 233 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment: 

rit;. 234 is a diagram snowing a viewing angle rharacterisac (gray-scale reversal) of the 55lh embodiment: 

Fig. 235 is a diagram sncwi.ig a relationship of a pclar angle at v.'hich a predetermined value oi corurasi can be 

obtainvid with I'espect to a retardation in the 56th emoociment; 

Fig. 236 is a oiagram showing a constitution of a panel cf ^ 57th emcodiment: 
f£ . Fig. 237 is a diagram showing a viewing angie chsractenSuC (gray-scale revc-'sal) cf the 57U^ •^mijodiment; 

Fig. 238 is a diagram snowing a viewing angle characteristic (gray-scale reversal) cf the 57th ennbodimerrt: 

Fig. 239 is a diagram showing a relationship of a pclar angle at which a predetermined value of contrast can be 

obtained with respect to a retardationJnJtie^STyijmbp^ 

Fig. 240 is a diagram showing a constitution of a panel cf a 58th embodiment; 
20 Fig. 241 is a diagram showing a viewing angle charaaeristic (gray-scale reversal) of the SSth ennbodimerrt: 

Fig. 242 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment: 

Fig. 243 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respea to a retardation in the 53th embodiment; 

Rg. 244 is a diagram showing a constitution of a panel cf a 59th errtcx^imenx: 
25 Fig. 245 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the SQth embodiment: 

Fig. 246 is a diagram showing a ^/iewing angle characteristic (gray-scale reversal) cf the 59th embodiment: 

Fig. 247 is a diagram showing a relationship of a pclar angle at which a predetermined value of contrast can be 

obtained with respec to a retardation in the 59th emi:odiment: 

Fig. 248 is a diagram shewing a change of an upper limit to the optimum condition regarding contrast with respect 
30 to a retardation in the 59th embodiment: 

Fig. 249 is a diagram showing a viewing angle characteristic of a panel of the 32th embodiment: 
Fig. 250 is a diagram showing a change cf an ion densit/ when an ion absorption treatment is applied to the pro- 
trusions: 

Figs. 251 A to 251 0 are diagrams showing a process of a method of a panel of a rriodification in the 51st embodi- 
es ment: 

Figs. 252A and 252B are diagrams showing a pattern cf prouusicns and a sectional structure of the panel of the 

second embodiment; 

Fig. 253 is a diagram showing a pattern of protrusions cf an another modification of the second embodiment: 
Figs. 254A and 254B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 
40 sixteenth embodiment; 

Fig. 255 is a detailed diagram showing a distinctive portion of a m.odffication of the tenth embodiment. 

Before proceeding to a detailed description of the preferred embodiments of the present invention, a prior art liquid 
crystal display device will be described to allow a clearer understanding of the differences between the present Inven- 
45 tion and the prior art. 

Figs. 1 A and IB are diagrams for explaining the structure and principles of operation of a panel of the TN LCD. As 
shown in Figs. 1 A and 1B. an alignment film is placed on transparent electrodes 12 and 13 formed on glass substrates, 
a rubbing treatment is performed so that orientation directions of the liquid crystalline molecules on the two substrates 
are shifted by 90' to each ether, and a TN liquid crystal is sandwiched between the transparent electrodes. Due to the 
50 properties of the liquid crystal, liquid crystalline molecules in contac with the alignment films are aligned in the direc- 
tions of the orientation defined by the alignment films. The other liquid cystaliine molecules are aligned in line with the 
aligned molecules. Consequently, as shown in Fig. 1 A, the liquid crystalline molecules are aligned while twisted by 90*. 
Two sheet polarizers 1 1 and 1 5 are located in parallel with the directions of the orientation defined by the alignment 
films. 

55 When light 10 that is not polarized falls on a panel having the fcregoing structure, the light passing through the 
sheet polarizer 11 becomes linearly-polarized light and enters the liquid crystal. Since the liquid crystalline molecules 
are aligned while twisted 90". the incident light is passed while r//isted 90"*. The light can therefore pass through the 
lower sheet polarizer 15. This state is a bright state. 
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Next, as snown in Fig. i B. wnen a voltage is acpuec ;o the ^lecTcdes i2 ana 13 and :hus applied to fhe liquid crys- 
talline molecules, the liquid crystalline molecules erec '.hemseives :o untwist. However, on the surfaces of the align- 
ment films. Since an cnentatjcn centre! torca is strcnger. the cnenaticn of 'he iicuifi crystal remains matched with the 
orientation oefined by the alignment films, in :his state. :he liquic c'/stailine m.ciecuies are isctrcpic relative to passing 

s light. The linearly-polarized lignt incident on the liquic-crystai iayer will therefore not turn the direcion of polarization. 
The linearly-polanzed light passing through the upper sneet polarizer 1 1 cannot therefore pass through the lower sheet 
polarizer 15. Tnis brings about a dark state. Thereafter when a state in which no voltage is applied is resumed, display 
is returnee to the bright state owing to the crientaticn ocntrol force. 

The technology of manufacuring the TN TFT LCO has oucstancingly advanced in recent years. Contrast and color 

»o reproducibility provided by the TN TFT LCO have surpassed those ottered by the CRT. However, the TN LCD has a crit- 
ical drawback of a narrow viewing angle range. This coses a prcciem that the application of the TN LCO is lim'.ted. Figs. 
2A to IC are diagrams fcr explaining this problem. Fig. 2A chows a staie of white display in which no voltage is acclied. 
Fig. 2B shc//s a state of h.qiftcne dspiay ;n whic:-; ar, :r:ermedi'r;e vc:tage is icciie::. irc 2C sncAS a state of black 
display in which a predetermined voltage is acpliec. As shown in Fig. 2A. in :he state in which no voltage is applied. 

:f -liquid aystalline rriciccu!es are augnec in the sarr.9 cirecticn wrji a slight incJinaticn (about r to 5**). In reality, tha m.cj; 
ecuies are twisted as shown in Fig. lA. For convenience' sake. 'J:e molecules are illustrated like Fig. 2A, In this state, 
ligni is seen nearly white in any azimuth, ^ytorecve^. as shown :n r:g. 2C. in the state in v/mct\ a voltage is applied, inter- 

rnediate liquid crystallirie rnolecules except those iccated near r.e alignment films are aligned in a vertical direction^ 

Incident linearly-polarized lignt is therefore seen ciac< cut not rested. At this time, light obliqueiy incident on a screen 

20 (pans!) has :he direction of polarization thereof r//isted to some extent because it passes obliquely through the liquid 
crystalline molecules aligned in the vertical direction. The light is therefore seen halftone (gray) but not perfect black. As 
shown in Fig. 23, in the state in which an interm.ediate voltage lower than the voltage applied in the state shown in Rg. 
2C is acplied, the liquid crystalline molecules near the alignment fiin^ are aligned in a horizontal direction but the liquid 
crystalline m.olecufes in the middle parts of ce^ls erect themselves ."halfway The birefringent property of the liquid aystal 

25 is lost to some extent. This causes a transmittanca to deteriorate and brings about halftone (gray) display However, this 
refers only to light incident perpendicularly on the liquid-crystal panel. Obliquely incident light is seen differently, that is. 
light is seen differently depending on whether it is seen from the left or right side of the drawing. As illustrated, the liquid 
crystalline molecules are aligned mutually parallel relative to light sropagating from right below to left above. The liquid 
crystal hardly exerts a birefringent effea. Therefore, when the panel is seen from left, it is seen black. 3y contrast, the 

30 liquid crystalline molecules are aligned vertically relative to light propagating from left below to right above. The liquid 
crystal exerts a great birefringent effect relative to incident light, and the incident light is twisted. This results in nearly 
white display Thus, the most critical drawback of the TN LCO is that the display state varies depending on the viewing 
angle. 

In an effort to solve the above problem. Japanese Examined Patent Publication (Kokai) Nos. 53-48452 and 1- 

35 1 20528 have proposed an LCO adopting a mode referred to as an (PS mode. Figs. 3A to 30 are diagrams for explaining 
the IPS LCO. F:g. 3A is a side view of the LCO with no voltage applied. Fig. 38 is a top view thereof with no voltage 
applied. Fig. 3C is a side view thereof with a voltage applied, and Fig. 3D is a top view with a voltage applied. In the IPS 
mode, as shown in Figs. 3A to 3D, slit-like electrodes 13 and 19 are formed in one substrate 17. and liquid crystalline 
molecules existent in a gap between the slit-like electrodes are criven with electric fields induced by a transverse elec- 

^ trie wave. A material exhibiting positive dielearic anisotropy is used to make a liquid crystal 14. When no electric field 
is applied, an alignment film is rubbed in order to align the liquid crystalline molecules homogeneously so that the major 
axes of the liquid crystaJIine molecules will be nearly parallel to the longitudinal direoion of the electrodes 18 and 19. 
In the illustrated example, the liquid crystalline m.ciecules are homogeneously aligned with an azimuth of 15' relative to 
the longitudinal direction of the slit-like electrodes in order to make a direction {direction of turn), to which the orientation 

45 of the liquid crystal is changed with application of a voltage, constant. In this state, when a voltage is applied to the slit- 
like electrodes, as shown in Fig. 3C. liquid crystalline molecules existent near the siit-like electrodes change their ori- 
entation so that the major axes thereof will be turned S0*> relative to the longitudinal direction of the slrt-like elecn-odes. 
However, since the other substrate 16 is orientationally processed so that liquid crystalline molecules will be aligned 
with an azimuth of 15* relative to the longitudinal direction of the slit-like electrodes, liquid crystalline molecules near 

50 the substrate 1 6 are aligned so that the major axes thereof will be nearly parallel to the longitudinal direction of the elec- 
trodes 18 and 19. The liquid crystalline molecules are therefore aligned while twisted from the upper substrate 16 to the 
lower substrate 17. In this kind of liquid crystal display, when the sheet polarizers 11 and 15 are placed on and under 
the substrates 16 and 17 respectively so that the axes of transmission thereof will be orthogonal to each other. When 
the axis of transmission of one sheet polarizer is made parallel to the major axes of the liquid crystalline molecules. 

55 black display can be attained with no voltage applied, and white display can be attained with a voltage applied. 

As mentioned above, the IPS mode is characterized in that the liquid aystalline molecules do not erect themselves 
but turned in a transverse direction. In the TN mode or the like, when the liquid crystalline molecules erect thenrseives, 
the birefringent property of the liquid crystal varies depending on a direction of an viewing angle and a problem occurs. 



11 



EP 0 884 626 A2 



When :he iiquid cysrailine moiec'Jes are turned in the transverse direction, the birefnngent property hardly varies 
depending on a difpxuon. This results in very good viewing angle cnaractenstics. However, the IPS mode has another 
prcdlems. One of the croDlems s that a resccnse speed is quite low. The reason wny the response speed is low is that 
although a gap between eiectrodes »n the normal TN mode m whicn liquid crystalline rrtolecules are turned is 5 micronn- 
5 eters. the gap in the IPS mode :s lO micrometers or more. The resccnse speed can be raised by narrowing the gap 
between the electrodes. However, since elecnc iields of opposite polanties must be applied to the adjoining elecrodes 
in the IPS mode, when the gap between the electrodes is narrowed, a short circuit occurs to bring about a display 
defect. For this reason, the gap between the electrodes cannot be narrowed very much. Besides, when the gap 
between the electrcdes is narrowed, the ratio in area of the eiecrcdes to display gets targe. This poses a problem that 
JO a transmittance cannot be improved. 

As mentioned above, the IPS mode suffers from slow switching. At present, whon a motion picture representicg a 
.*ast motion is cisplayfc?d. drawbacks ir.ciuding a drawback tnat an im.age stieains take place. In an actual panel, ihere- 
fcre. for improving the response soeed. as shown in Figs. 38 and 30. the alignment film is not rubbed parallel to the 
electrodes but rubbed in a direcicn shifted by about For realizing horizontal alignment, when an agent is merely 
:5 applied to the alignmerit fi'm. licuid aysiailine molecules are arrayed freely leftward or rightw&rd ?nd cannot be aligned • 
in a predetermined direction, r.ucbing is therefore carried out for rubbing the surface of the alignment film in i cer^in 
direaion so that the liquid crystaiiine .mclecjles will ba aligned in the predetermined direcion. When rubbing is carried 
out in the IPS mode, tf rubbing proceeds parallel to the electrcdes. liquid crystalline rrioiecules near the center_in_the 
gap'betweifTftYliec^^^ to the left or right with application of a voltage, and therefore slow to 

20 respond to the application. Rubbing is therefore, as shown in Figs. 3B and 3D, carried out in a direction shifted by about 
15» in order to demolish right-and-ieft uniformity. However, even when the direction of rubbing is thus shifted, since the 
response time permitted by the IPS mode is twice longer than the one permitted by the TN mode, the response speed 
is very low. Moreover, when rubbing is carried out in the direction shifted by about 15*. a viewing angle characteristic of 
a panel does not become unrfcrm between the right and left sides cf the panel. Gray-scale reversal occurs relative to a 
25 specified angle of a '/tewing angle range. This problem will be described with reference to Figs. 4 to 68. 

Fig. 4 is a diagram giving a definition of a coordinate system employed in studying viewing of a liquid crystal display 
(of the IPS type herein). As illustrated, a polar angle 8 and azimuth ^ are defined in relation to substrates 16 and 17, 
electrodes 18 and 19. and a licuid crystalline molecule 4. Fig. 5 is a diagram shewing a gray-scale reversal character- 
istic of a panel concerning a viewing angle. A gray scale from white to black is segmented into 8 gray-scale levels, 
30 Domain areas causing gray-scale reversal when a change in luminance is examined by varying the polar angle Q and 
azimuth are shown in Fig, 5. In the drawing, reversal occurs at fours hatched areas. Figs. 6A and SB are diagrams 
showing examples of changes in luminance of display of 3 gray-scale levels in relation to the polar angle 8 with the azi- 
muths fixed to values of 75' anc 135' causing reversal. White gray-scafe reversal occurs at gray-scale levels associated 
with high luminances, that is. when white luminance deteriorates with an increasing value of the polar angle 8. Black 
35 gray-scale reversal occurs when black luminance increases with an increasing value of the polar angle 9. As mentioned, 
the IPS mode has a problem that gray-scale reversal occurs in four azimuths. Furthermore, the IPS mode has a prob- 
lem that it is harder to manufacture the IPS LCD than the TN LCD. Thus, in the IPS mode, any of the other character- 
istics such as a transmittance. a response speed and productivir/. is sacrificed for the viewing angle characteristic. 
As mentioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viewing 
<o angle characteristic of the TN mode has the problem that the characteristics offered by the IPS mode other than the 
viewing angle characteristic are insufficient. A vertically-aligned (VA) mode using a vertical alignment film has been pro- 
posed. Figs. 7A to 7C are diagrams for explaining the VA mode. The VA mode is a mode using a negative liquid aystal 
material and vertical alignment film. As shown in Fig. 7A. when no voltage is applied, liquid crystaiiine molecules are 
aligned in a vertical direction and black display appears. As shown in Fig. 7C. when a predetermined voltage is applied, 
45 the liquid crystalline molecules are aligned in a horizontal direction and white display appears. A contrast in display 
offered by the VA mode is higher than that offered by the TN mode. A response speed at black level is also higher. The 
VA mode is therefore attracting attention as a novel mode for a liquid crystal display 

However, the VA mode has the same problem as the TN mode concerning halftone display that is. a problem that 
the display state '/aries depending on the viewing angle. For displaying a halftone in the VA mode* a voltage lower than 
50 a voltage to be applied for white display is applied. In this case, as shown in ng. 7B. liquid aystalfine molecules are 
aligned in an oblique directicn. As illustrated, the liquid crystalline molecules are aligned parallel to light propagating 
from right below point to left above. The liquid crystal is therefore seen black when viewed from the left side thereof 
because a birefringent effect is hardly exerted on the left side thereof. By contrast, the liquid crystalline molecules are 
aligned vertically to light propagating frcm left below to right above. The liquid crystal exerts a great birefringent effect 
55 relative to incident light, therefore, display becomes nearly white. Thus, there is the problem that the luminance varies 
depending the viewing angle. The VA mode provides a much higher contrast than the TN mode and is superior to the 
TN mode in term.s of a viewing angle characteristic, because even when no voltage is applied, liquid crystalline mole- 
cules near an alignment film are aligned nearly vertically. However, the VA mode is not certainly superior to the IPS 
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mode in terms :he viewing angle cnaracenstic. 

It IS known thai viewing angle performarce of a liquid crystal display device (LCO) m ihe TN mode can be improved 
by sening :he orientation cirections of the llcuid crystalline molecules inside pixels to a plurality of mutually different 
directions. Generally, the orientation cirecticn cr t^e iicuid crystalline molecules (pre-nlt angles) which keep ccntaa with 
5 a substrate surface :n -he IN m.ode are res:r;cec by the direction of a rubbing treatment acclied to the alignment film. 
The rut:cing treatment is a processing wnich rues the surface of the alignment film in one cirection by a cloth such as 
raycn. and the !icuiu crystalline molecules are orientated in the rubbing directicn. Therefore, viewing angle performance 
can be improved by making the rucDing direcicn cifferent inside the pixels. Figs. SA to 3C shew a method of making 
the rubbing direcnon different inside the pixets. As shown in this drawing, an alignment film 22 is formed on a glass sub- 
10 strata 16 (whose elearodes. etc.. are omitted frcm thp- drawing). This alignment film 22 is then bought into contact with 
a rotating rubbing roll 201 to execute the rucctng treatment in one direction. Next, a phc*o-resist is applied to the align- 
ment film 22 ar<.i a predetermined canern is -'.xDOseo and develcpec oy phctclithcgraphy. a result, a layer 202 of !he 
phoio-resist wnicn is patterned is formed as sicwn in the drawing. Next, the alignment film 22 is brought into contact 
v.'ith a rubbing roil 201 that is rotating to the ccposite direcinn to the above so that only the open portions of the pattern 
;^ ■ ara rubbed. \n this way, a plurality of regions that are cubjecied -o 'Jr\e rubbing treatmeu'* in ditreront directions arc 
termed inside the pixel, and the orientation cirecicns of the liquid crystal becnrr.e plural inside the pixel, incidentally, the 
rubbing treatment can be dene in arbitrarily cifferent directions when the alignment film 22 is rotated relative to the rub- 

_.bing roll 201. .__ " 

Thougn the rubbing treaonent has gained a wide application, it is the treatment that rubbs and consequently, dam- 
20 ages, the surface cf the alignment film and in'/olves the problem that dust is likely to occur. 

A method which farms a ccncavo-ccnvex oattern on an electrode is known as another method of restricting the pre- 
tilt angle of the liquid crystalline molecules in the TN mode. The liquid crystalline molecules in the proximity of the elec- 
trodes are orientated alcng the surface having the concavo-convex pattern. 

Figs. 9A to 9C are diagrams for explaining the principles of the present invention. According to the present inven- 
25 lion, as shown in Figs. 9A to SC, in the VA mode employing a conventional verJcal alignment film and adopting a neg- 
ative liquid crystal as a liquid crystal material, a domain regulating means is included for regulating the orientation of a 
liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is applied so that the orientation 
will include a plurality of directions within each pixel. In Figs. 9A to 9C. as the domain regulating means, electrodes 12 
on an upper substrate are slitted and associated with pixels, and an electrode 13 on a lower substrate is provided with 
30 protrusions (projections) 20. 

As shc^n in Fig. 9A. in a state in which no voltage is applied, liquid crystalline molecjies are aligned vertically to 
the surfaces cf the substrates. When an intermediate voltage is applied, as shown in Fig. SB. electric fields oblique to 
the surfaces cf the substrates are produced near the slits of the electrodes (edges of the electrodes). Moreover, liquid 
crystalline molecules near the protrusions 20 slightly tilt relative to their state attained with no voltage applied. The 
05 inclined surfaces of the protrusions and the oblique electric fields determine the directions in which the liquid crystalline 
molecules are tilted. The orientation of the liquid crystal is divided into different directions along a plane defined by each 
pair of protrusions 20 ard the center of each slit. At this time, for example, light transmitted from immediately below to 
immediately above is affected by weak birefringence because the liquid crystalline molecules are s/ightly tilting. Conse- 
quently, the transmission of light is suppressed and halftone display of gray appears. Light transmitted from right above 
^ to left below is hardly transmitted by a region of the liquid crystal in which liquid aystalline molecules are tilting left^rd, 
while the light is quite readily transmitted by a region thereof in which liquid crystalline molecules are tilting rightward. 
On the average, halftone display of gray appears. Light transmitted from left below to right aJbove contributes to gray dis- 
play due to th.e same principles. Consequently, homogeneous display can be attained in all azimuths. Furthermore, 
when a predetermined ^/cltage is applied, liquid crystalline molecules become nearly horizontal as shown in Fig. 9C. 
45 White display appears. Thus, in all states of dack display, halftone display, and white display, excellent display with little 
dependency on a viewing angle can be attained. 

Now. Figs. 10A and 106 are diagrams for explaining determination of an orientation by protrusions of dielectric 
material provided on the electrodes. In the scecification. the dielectric materials are insulating materials of low dielec- 
tric. Referring to Figs. lOA and lOB. an orientation determined by the protrusions will be discussed. 
50 Protrusions are formed alternately on the electrodes 12 and 13. and coated with the vertical alignment films 22. A 
liquid crystal employed is of a negative type. As shown in Fig. IDA. when no voltage is applied, the vertical alignment 
films 22 cause the liquid crystalline molecules to align vertically to the surfaces of the substrates. In this case. rutJbing 
need not be performed on the vertical alignment films. Liquid crystalline molecules near the protrusions 20 try to align 
vertically to the inclined surfaces of the protrusions. The liquid crystalline molecules near the protrusions are therefore 
55 tilted. However, when no voltage is applied, in almost all regions of the liquid crystal other than the protrusions, liquid 
crystalline molecules are aligned nearly vertically to the surfaces of the substrates. Consequemly. as shown in Fig. 9A. 
excellent black display can appear. 

When a voltage is applied, the distribution of electric potentials in the liquid-crystal layer is as shown in Fig. 10B. In 
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the regions of the liquid-crystal layer without :he prcirusicns. :he distribution s parallel to the substrates {electric fields 
are vertical to the suDstraies). However, the distribution is inclined near the prctrusicns. When a voltage is aoplied. as 
snown in Figs. 78 and 70. the licuKl crystalline rr.ciecjles tilt acccrcing to an electrsc field strength. Since the electric 
fields are vertical to the substrates, when a direction of tilt iS not defined by carrying cut rubbing, the azimuth tn which 
5 the liquid crystalline molecules tilt due to the elecric fields includes ail cirecttcns of 360**. if there are pre-tilted liquid 
crystalline mclecutes as shown in Fig. lOA. surrcuncing liquid crystalline rrclecules are tilted in the directions cf the 
pre-tiited liquid crystalline molecules. Even when rucbing is not carried out. the directions in which the liquid crystalline 
rnolecules lying in gaps between the protrusions can oe restrtced to the azimuths cf the liquid crystalline molecules in 
contact with the surfaces of the protrusions. As shc"//n in Fig. lOB. tiie electrx fields near the protrusions are inclined 
10 in directions in which they become parallel to the inclined surfaces of the protrusions. ^When a voltage is applied, the 
negative liquid crystalline .nolacuies are tilted in directions vertical to the electric fields. The directions correspond to 
\he directions in which lh3 liquid crystalline rr.oiecuies aro pre-lilfxl because cf the protrusions. Thus, the liquid cr;stal- 
line molecules are aligned on a stabler basis. The sfcpe cf the protrusions arc tne electric fields in the proximity of the 
inclined surfaces of the prctruiiicns contribute to stable alignment. Further mere, when a higher voltage is applied, the 
js liquid crystalline molecules become ncprly parallel to the substrates. 

As mentioned above, the protrusions fill the rc!e of z trigger for determ.in;r.g azim.uths in which th<> liquid crystalline 
molecules are aligned with application cf a ^/oitage. The protrusions need net have incilned surfaces (slopes) of large 
area. For example, the inclined surfaces over the whole pixel are unnecessary. However, if the size of the inclined sur- 
faces is too sm^all. the effect of the slope and electric field are not available. Tner efore. the width of the inclined surfaces 
20 are required to be determined according to the m-aterials and shape of the protrusions. Because a good result is 
obtained when the width of the protrusions is 5 um. This means that when the width cf the protrusions is larger than 5 
jim. a good result can be certainly obtained, ^^th small inclined surfaces, when no voltage is applied, the liquid crystal- 
line molecules in almost all the regions of the liquid-crystaJ layer except the protrusions are aligned vertically to the sur- 
faces of the substrates. This resufts in nearly perfea black display Thus, a ccntrast ratio can be improved. 
25 When the sections of the protrusions are rectangular, the side surfaces are alm.ost vertical to the substrates. These 
side surfaces also operate as the domain regulating means. Therefore, the surfaces vertical to the substrates are 
included in the inclined surfaces. 

The tilting direction of the orientation of the liquid crystal is decided by domain regulating means. Fig. 1 1 shows the 
orientation direction when protrusions are used as the domain regulating means. Fig. UA shows a bank having two 
30 slopes and the liquid crystalline molecules are oriented in two directions d'ffferent from each other at an angle of 180 
degrees with the bank being the boundary Fig. 1 1 8 shows a pyramid and the liquid aystalline molecules are oriented 
in four directions different from one another at an angle of 90 degrees with the apex of the pyramid being the boundary. 
Fig. 1 1 C shows a hemisphere and the orientation of the liquid crystalline mcleqjles assumes symmetry of rotation with 
the axis of the hemisphere perpendicular to the substrate being the center. In the case of Fig. 11 C. the display state 
25 becomes the same for alt the viewing angles. However, it cannot be said that a larger number of domains or directions 
is better. When the relationship to the direction of polarization offered by a sneet polarizer is taken into account, if the 
oblique orientation of the liquid crystal becomes rotaticnally symmetrical, there arises a problem that light use efficienc/ 
deteriorates. This is because when domains in the liquid crystal are defined uninterruptedly and radially, liquid crystal- 
line molecules lying along a transmission axis and absorption axis of the sheet polarizer wrk inefficiently, and liquid 
40 crystalline molecules lying in directions of 45* with respect to the axes work .-rost efficiently. For improving the light use 
efficiency, the directions included in the oblique orientation of the liquid crystal are mainly four directions or less. When 
there are four directions, they should preferably be directions in which light components to be projected on the display 
surface of the liquid crystal display propagate with azimtjths mutually different in increments of 90*. In this case, ti^e 
ratio in number of liquid crystalline molecules aligned in directions in which iight com.ponents to be projected on the dis- 
45 play surface propagate with azimuth mutually different by 1 30° should preferably be nearly even. Out of two sets of liq- 
uid crystalline molecules aligned in the directions in which the tight components to be projected on the display surface 
propagate with azimuths mutually different by ISO"*, the ratio in num.ber of aligned liquid crystalline molecules of one set 
is nearly even, while the ratio in number of aligned liquid crystalline molecules of the other set is uneven. The set of 
aligned liquid crystalline molecules of which ratio in number is nearly even is a majority, and the set of aligned liquid 
so crystalline molecules of which ratio in number is uneven may be negligible. In other words, a charaaeristic analogous 
to that exhibited when two domains are defined in 180* different directions can be realized. 

In Figs. 9A to 9C. for realizing the domain regulating means, the eleoodes 12 on the upper substrate are slitted 
and associated with pixels, and the electrode 13 on the lower substrate is provided with the protrusions 20. Any other 
means will also do. Figs. 12A to 12C are diagrams showing examples of realizing the domain regulating means. Fig. 
55 12A shows an example of realizing it by devising the shapes of the electrodes. Fig. 123 shows an example of devising 
the contours of the surfaces of the substrates, and Fig. 1 2C shows an exanxle of devising the shapes of the electrodes 
and the contours of the surfaces of the substrates, in any of the examples, the orientations shown in Fig. 8 can be 
attained. However, the structures of liquid crystals are a bit different from one another. 
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!n Fig. t2A. (TO etectrcxres 4i and 42 on fcctn substrates or one of :he suostrates are siitted. The surfaces of the 
substrates are processed tor vertical alignment, and a negative liqutd crystal is seated in. When no voltage is applied, 
licuid crystalline molecules are aligned vertically to the surfaces of the substrates. When a voltage (s acplied. elecric 
fieiGs are generated cbiiquely '.o the surfaces of the suostrates near the slits (edges) of the electrodes. With the oblique 

5 electric fields, the directons in which liquid crystalline molecules are tilted are determined. The orientation of the liquid 
crystal is divided as illustrated into right and left cirections. in this example, the oblique electric fields induced near the 
edges of the eiearodes are used to align the liquid crystalline molecules rightward and leftward. This technique shall 
therefore be referred to as an oblique electric field technique. 

In Fig. 123. protrusions 20 are formed on both the substrates. Like the structure shown in Fig. 12A. the surfaces of 

to the subs^ates are processed tor vertical altgnm.ent. and a negative liquid crystal is sealed in. When no voltage is 
applied, the liquid o-ystalline mcleojles are aligned vertically to the surfaces of the substrates in principles. Cn the 
inclined suKdces of the pi otrusioni:. however, the liquid cr/stalline molecules are aligned at a little tilt. When h voiiagb 
is applied, the liquid crystalline moleojles are aligned in the directions of tilt. Moreover, when an insulating material with 
lew dielectric constant is used to form the protrusions, the elecnc fields are interrupted (state close to the state attained 

IS -'jy tnts ofc'iaue electric field techrique, the same state as ti*.e state attained by ?he structure having the electrodes slit- 
tecy More stable orie'^t2tion division can be achieved. This technique shall be referred to as a both-side protrusion 
technique. 

Fig. 12C shews an example of combining^the techniques shewn in Figs. 1 2.A and 123. The descripticri will be omit- • 

ted. 

20 Three examples of realizing the domain regulating means have been presented. Moreover, various modifications 
can be devised. For exannple, the portions of the electrodes formed as the slits in Fig. ^ 2A may be dented, and the dents 
may be provided with inclined surfaces. Instead of making the protrusions in Fig. 123 using an insulating material, pro- 
trusions may be termed on the substrates, and ITO electrodes may be formed on the substrates and protrusions. Thus, 
the electrodes having the protrusions may be realized. Even this structure can regulate the drfentation of the liqurd crys- 

25 tal. Moreover, dents may be substituted for the protrusions. Furthermore, any of the described domain regulating 
means may be formed on one of the substrates. ^A/hen domain regulating means are formed on both the substrates, 
any pair of domain regulating means can be employed. Moreover, although the protrusions or dents should preferably 
be designed to have inclined surfaces, the protrusions or dents having vertical surfaces can also exert an effect of a 
certain level. 

20 When the protrusions are formed, during black display, parts of the liquid crystal lying in the gaps between the pro- 
trusions are seen black, but tight leaks out through parts thereof near the protrusions. This kind of partial difference in 
display is microscopic and indiscernible by naked eyes. The whole display exhibits averaged display intensity. The den- 
sity for black display deteriorates a bit. whereby contrast deteriorates. When the protrusions are made of a material not 
allowing passage of visible light, contrast can be further improved. 

05 When a domain regulating means is formed on one substrate or both substrates, protrusions, dents, or slits can be 
fcrmied like a unidirectional lattice with a predetermined pitch among them. In this case, when the protrusions, dents, or 
siits are a plurality of protrusions, dents, or slits bent at intervals of a predetermined cycle, orientation division can be 
achieved more stably. Moreover, when the protrusions, dents, or siits are located on both substrates, they should pref- 
erably be arranged to be offset by a half pitch. 

<o In the constitution disclosed in Japanese Unexamined Patent Publication (Kokai") No. 6-301036, apertures (slits) 
are provided on only the counter (CF) substrate. Therefore, the size of domain areas cannot be too small. Contrarily. 
according to the present invention, the size of domain areas can be optionally determined because the domain regulat- 
ing means are provided on both of the pixel electrode and counter electrode. Further, at least one of the domain regu- 
lating means has inclined surfaces, the response speed can be improved. 

45 Cn one of two upper and lower substrates, protrusions or dents may be formed like a two-dimensional lattice. On 
the other substrate, protrusions or dents may be arranged to be opposed to the centers of squares of the two-dimen- 
sional lattice. 

in any case, it is required that orientation division occurs within each pixel. The pitch of the protrusions, dents, or 
slits must be smaller than that of pixels. 

50 The results of examining the characteristics of an LCD in which the present invention is implemented demonstrate 
that a viewing angle characteristic is quite excellent and equal to or greater than those of not only a TN LCD but also 
an IPS LCD. Even when the LCD is viewed from its front side, the viewing angle characteristic is quite excellent, and 
the contrast ratio is 400 or more (twice as high as that offered by the TN LCD). The transmittance offered by the TN 
LCD is 30 %. the one offered by the IPS LCD is 20 %, and the one offered by the present invention is 25 %. The trans- 

55 mrttance offered by the present invention is lower than the one offered by the TN LCD but higher than the one offered 
by the IPS LCD. A response speed is outstandingly higher than those offered by the other modes. For example, as far 
as equivalent panels are concerned, a TN LCD panel exhibits an on speed (for transition from 0 V to 5 V) of 23 ms. an 
off speed (for transition from 5 V to 0 V) of 21 ms. and a response speed (on + off) of 44 ms. while an IPS LCD panel 
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exhibits an on speed cf •^2 rr.s. an otf soeed of 22 ms. and a response speed of 3*i ms. According to the mode of the 
present invention, the on speed is 9 nns. the off speed is 5 ms. arx2 the resconse speed is 15 ms. Thus, the response 
speed !S 2.3 times higher than the one offered by the TN mode ar-d tim.es higher than the one ottered by the IPS 
mode, and is a speed causing no prctlem in disciay of a motion picure. 

5 Furthermore, in the mc<ie or the present invention, when no voifage is appfied. verticai alignment is achieved. '/Vhen 

a voltage is applied, protrusions, dents, or cbiique eiecric fields determine direcicns in which liquid aystalline mole- 
cules tilt. Unlike the ordinary TN or iPS moce. rufcfeing need not be carried out. in the crocess of manufacturing a panel, 
a rubbing step is a step likely to produce the largest amount of refuse. After the completion of rubbing, substrates must 
be cleaned (with running water or IPA) without fail. The cleaning may damage an alignment film, causing imperfect 

10 alignment. By contrast, according to the present invention, since the ruccing step is unnecasr-ary, the step of cleaning 
substrates is unnecessary. 

Fiq. \3 is a diagram shcv/ing the overall cci-niguraticn cf a liquid crystal pane! cf tiie ri'^t embodiment cf tiie present 
invention. ,\s shown in rig. 13. the liquid crystal panel cf the tirst em.ocdiment is a TFT LCD. A common electrode 12 is 
formed on cne glass substrate 16. The other glass substrate 17 is provided with a plurality of scan bus lines 31 formea 

IS parallel to one another, a plurality of data bus lines 32 formed parallel to one another vertically ro the cc3n bus lines, 
and TFTs 33 and ceil electrodes 1 3 formed like a matrix at intersections between the scan bus lines and data bus lines. 
The surfaces of the substrstes are processed for vertical alignment. A negative liquid crystal is sealed in between the 

two substrates. The glass substrateJS is referred to as a color filter (CF) substrate because color filters are formed, 

while the glass substrate 17 is referred to as a TFT substrate. The details ci the TFT LCD will be omitted. Now. the 

20 shapes of the electrodes which are constituent features of the present invention will be described. 

Figs. 14A and 14B are diagrams showing the structure of a panel in accordance with the first embodiment of the 
present invention. Fig. 14A is a diagram illustratively showing a stale in which the panel is seen obliquely, and Fig. 148 
is a side view of the panel. Fig. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in 
the first embodiment, ng. 16 is a diagram showing the pattern of protrusions outside a display area of a liquid crystal 

25 panel of the first embodiment, and Fig. 17 is a sectional view of the liquid crystal panel of the first embodiment. 

As shown in Fig. 1 7. a black matrix layer 34. an ITO film 1 2 providing color filters and a common electrode, and 
protrusions 20 parallel to one another with an equal pitch among them are formed on the surface of a side of a CF sub- 
strate 15 facing a liquid crystal. The ITO film and protrusions are coated with a vertical alignment film that is omitted 
therein. Gate electrodes 31 forming gate bus lines. CS electrodes 35. insulating films 40 and 43. electrodes forming 

30 data bus lines, an ITO film 13 providing pixel electrodes, and protrusions parallel to one another with an equaJ pitch 
among them are formed on the surface of a side of a TFT substrate 1 7 facing the liquid crystal. The TFT substrate is 
further coated with a vertical alignment film, though the vertical alignm.ent film is omitted from the figure. Reference 
numerals 4i and 42 denote a source and drain of a TFT. In this emcodiment. protrusions 20A and 20B are made of a 
TFT flattening material (positive resist), 

35 As shown in Fig. UA, the pattern of the protrusions 20A and 20B is a pattern of parallel protrusions extending 
straightly and arranged with an equal pitch among them. The protrusions 20A and 20B are arranged to be offset by a 
half pitch. The strucure shewn in Fig. 148 is thus realized. As mentioned in conjunction with Fig. SB. the orientation of 
the liquid crystal is divided into two directions to thus divide each domain into two regions. 

The relationship of the pattern of protrusions to pixels is shown in Fig. 15. As shown in Rg. 15. in a general color- 

40 display liquid crystal display, three pixels of red. green, and blue constitute one color pixel. The width of each of the red. 
green, and blue pixels is approximately one-third of the length thereof so that color pixels can be arrayed with the same 
gap kept above and below them. A pixel defines each pixel electrode. Among arrayed pixel electrodes, gate bus lines 
(hidden behind the protrusions 20B) are laid down sideways, and data bus lines 32 are laid down lengthwise. The TFTs 
33 are located near intersecicns between the gate bus lines 31 and data bus lines 32. whereby t^le pixel electrodes are 

45 interconnected. Opposed to the gate bus lines 31 , data bus lines 32. and TFTs 33 included in the respective pixel elec- 
trodes 13 are black matrices 34 for intercepting light. Reference numeral 35 denotes CS electrodes used to provide a 
storage capacitor for stabilizing display are placed. Since the CS elecrodes are light-interceptive. the CS- electrode por- 
tions of the pixel electrodes 13 do not work as pixels. Consequently, each pixel is divided into an upper part 13A and 
lower part 13S. 

so In each of the pixels 13A and 13B, three protrusions 20A are lying and four protrusions 208 are lying. Three first 
regions each having the protrusions 20B on the upper side of the panel and the protrusions 20A on the lower side 
thereof, and three second regions each having the protrusions 20A on the upper side thereof and the protrusions 20B 
on the lower side thereof are defined in one pixel composed of the pixels 13A and 138- In the pixel composed of the 
pixels 13A and 138, a total of six regions of the first and second regions are defined. 

55 As shown in Fig. 1 6, on the margin of the liquid crystal panel, the pattern of the protrusions 20A and 208 is extend- 
ing outside topmost pixels and beyond rightmost pixels. This is intended to allow orientation division to occur in the out- 
ermost pixels in the same manner as that in the inner pixels. 

Figs. 18A and 188 are diagrams showing the position of a liquid-crystal injection port of the liquid crystal panel 100 
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of the first embodiment through whrch a liquid crystal s injected. As described later, m the process of assembling ccm- 
ponents lo produce a liquid-crystal panel, arter the CF substrate and TFT suostrate are bonded to each other, a liquid 
cr^/stal IS inieaed. As far as a VA rype TFT LCO is concerned, it rakes much time to miea a liquid crystal compared with 
the TN LCO in general. Since protrusions are formed, it takes much more time to inject a liquid crystal. For shortening 

5 the time required (or tniecting the liquid crystal, as shewn in Fig. 13A. a liquid-crystal injection port 102 should preferably 
be formed on a side vertical to the direction in whicn the protrusions are arrayed parallel to one another on a cyclic 
basis. Reference numeral 101 denotes a sealing line. 

During. injection of a liquid cr'/stal. when the interior of the panel is deaerated through exhaust ports 103 formed at 
another positions, the irrternal pressure decreases. Tnis makes it easy to inject a liquid crystal. The exhaust ports 

w should, as shown in Fig. 188. be located on a side opposite to the side on which the injection port is located. 

Fig. 19 shews contours of protrusions in a prctcr/pe defined by performing measurement using a tracer type coat- 
ing thickness rneter As illustrated, the gap ber^/een Ihe TO v»lectrcdes 12 and 13 formed on the substrates is restricted 
to 3.5 micrometers by means of spacers 45. Tne protrusions 20A and 20B have a height of 1 .5 micro.neters and a width 
of 5 micrometers. A pair of upper and lower protrusions 20 A ard 208 are spaced by 15 micrometers This means that 

IS d spacing betweten adjoining protrusions formed on the same 170 electrodes is 35 micrometers. 

After sn intermediate voltage is applied to the panel of the second embodiment, th<! interior of the panel is observed 
using a microscope. The observation has revealed that very stable alignmem is attained. 

Furthermore^ iOJ^e papel of the first efTTcodiment, a response speed has quite improved. Fjgs, 20A to 21 are dia- 
grams indicating a changing value of the response speed permitted by the panel of the first embodiment in relation to 

20 changes in parameters that are an applied voltage and a spacing (gap) between upper and lower protrusions. Fig. 20A 
indicates an on speed (for transition from 0 to 5 V). Fig. 208 indicates an off speed (for transition from 5 to 0 V). and 
Fig. 21 indicates a switching speed that is a sum of the on speed and off speed. As shown in Figs, 20A to 21 . a fall time 
off is hardly dependent on the spacing but a rise time on varies greatly. The smaller the spacing is. the higher the 
response speed becomes. Incidentally, the thickness of cells is 3.5 micrometers. The practical value of the spacing var- 

25 ies slightly depending the thickness of cells. That is tc say. when the thickness of cells is small, the spacing is widened. 
When the thickness of cells gets larger, the spacing is narrowed. It has been actually confirmed that as far as the spac- 
ing is about 100 times larger than the thickness of cells, liquid crystalline molecules are aligned properly 

In any case, the panel of the first emiDodiment permits the satisfaaory switching speed. For example, when the 
spacing between protrusions is 15 micrometers and the thickness of cells is 3.5 micrometers, the response speed for 

30 transition between 0 and 5 V, that is. the on time on is 9 ms. the oft time off is 6 ms, and the switching speed 15 ms. 
Thus, very fast switching can be achieved. 

Figs. 22 to 248 are diagrams showing the viewing angle characteristic of the panel of the first embodiment Rg. 22 
r/rt3-dimensionally shows a change in contrast dependent on a viewing angle, and Figs. 23A to 248 show changes in 
display luminance levels corresponding to 8 gray-scale levels in relation to viewing angles. Ftg. 23A shews a change 

3S occurring at an azimuth of 90*. Fig. 23B shows a change occurring at an azimuth of 45*. and Fig. 23C shows a change 
occurring at an azimuth of 0**. Fig. 24A shows a change occurring at an azimuth of -45\ and Fig. 248 shows a change 
occurring at an azimuth of -90'. Hatched parts of Fig. 22 indicate areas in which a contrast is 10 or less, and double- 
hatched parts thereof indicate areas in which the cornrast is 5 or less. As illustrated, a generally good characteristic is 
exhibited. However, since each pixel is divided vertically into two region, the characteristic is not a perfectly laterally and 

40 vertically uniform characteristic unlike the one provided by the first embodiment. Deterioration of contrast in a vertical 
direction is little larger than that in a lateral direction. The deterioration of contrast in the lateral direction is smaller than 
that in the vertical direction. However, as shown in Fig. 23C, gray-scale reversal of black occurs at a viewing angle of 
about 30". Sheet polarizers are bonded in such a way that the absorption axes thereof will lie at 45» and 135* respec- 
tively with respect to an optical axis. The viewing angle characteristic to be exhibited when the panel is viewed in an 

45 oblique direction is very good. The characteristics offered by this embodiment are ovenwhelmingly superior to these 
offered by the TN mode. Hcwe/er. this embodiment is slightly inferior to the IPS mode in terms of viewing angle char- 
acteristic. However, once one phase-difference film or optical compensation film is placed on the panel of the first 
embodiment, the viewing angle characteristic of the panel can be improved so greatly that it overwhelns the one offered 
by the IPS mode. Figs. 25 to 26C are diagrams showing a viewing angle characteristic to be exhibited by the panel of 

50 the first embodiment having the phase-difference film, and correspond to Figs. 22 to 23C. As illustrated, deterioration 
of contrast depending on a viewing angle has been drastically overcome. Moreover, gray-scale reversal occumng in a 
lateral direction on the panel has been overcome. On the contrary, gray-scale reversal occurs in a vertical direction dur- 
ing white display However, generally gray-scale reversal in white display is hardly visible to human eyes and is there- 
fore not counted as a problem in terms of display quality. Thus, once the phase-difference film is employed, better 

55 characteristics than those offered by the IPS mode can be exhibited in all aspects including a viewing angle character- 
istic, response speed, and manufacturing difficulty 

An attempt was made to discuss optimal conditions by creating various variations of the structure of the first 
embodiment or modifying parameters other than the foregoing ones. In the case of protrusions, when the panel is dis- 
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played in ciacK. light leaks out near trie prctrusicns. Fig. 27 is a diagram for explaining occurrence ct lignt leakage near 
the protrusions. As illustrated, lignt incdent vertically on portions of the electrodes '3 cn the lower substrate on which 
the protrusions 20 are formed ts transmitted to some extent oecause liquid crystalline molecules' are as illustrated 
aligned ofcliqueiy along the inclined surlaces of the protrusions 20. This results in halftone display. 9y contrast, liquid 
5 crystalline mclecuies near the aoices cf the protrusions are aligned in a vertical direction. No iignt therefore leaks out 
near the apices. The same applies to the efectrode 12 on the upper substrate. Ounng black display, near the protru- 
sions, halftone display and black display are earned cut partially. Tnis pa-tial difference in display is m.icroscopic and 
discernible to naked eyes. The whole display exhibits averaged display intensity. The black display detertcrates a bit. 
whereby contrast deteriorates. The protrusions are therefore made of a material not allowing passage of visible light. 
to namely, made of material shielding v'Sible light, wnereby contrast improves. Even in the second embodiment, when the 
protrusions are m.ade oi a material shielding visible light, contrast can be further inr:proved. 

A change in response jpet^ occurring when ti i3 spacing between prctrusicns is varied has boen described in con- 
junction with rigs. 20A to 21 . A change in characertstic deriving from a change in heignt of protrusions was measured. 
The width cf a photo-resist to be applied for realizing protrusions and tf^e spacing between protrusions were 7.5 
IS micrometers and 15 micrometers respeaively. and the thickness of csl's was scproximately 3.5 micrometers. The 
height of the resist was set to 1 .537 um. 1 .600 -^.m. 2.3C99 c.'".. arxj 2.4486 jim. The transmittance and contrast ratio of 
a prototype were measured. The results of the measurement are shown in Figs. 23 and 29. .A change in transinittance 

dependent on the height of the protrusions (resist) occurring in a white state (when 5 V is applied) js shown in Fig. 30. 

A change in ^ransmittance deoendem cn the height of the protrusions (resist) occurring in a black state (when no volt- 
20 age is appiied") is shown in Fig. 31. A change in contrast ratio dependent on the height of the protrusions (resist) is 
shown in Fig. 32. The higher the resist is. the higher the transmittance in the white state (when a voltage is applied) 
becomes. This is presumably attributacie to the fact that the protrusions (resist) filling a supplementary role for tilting 
liquid crystalline molecules are large enough to turn down the liquid crystalline molecules in terms of both of figures and 
elecyical effects. The transmittance (light leakage) in the black state (when no voltage is applied) increases with an 
25 increase in height of the resist. This causes black levels to fail and is therefore not very preferable. The causes of light 
leakage will be described in conjunction with Fig. 27. Liquid crystalline molecules lying immediately above the protru- 
sions (resist) and in the spacings between the protrusions are aligned vertically to the surfaces of the substrates. Light 
leakage does not occur in these places. However, liquid crystalline mclecuies lying cn the slopes of the protrusions are 
aligned slightly obliquely. As the protrusions get higher, the area of the slopes increases and a light leakage increases. 
30 The contrast (white luminance level / black luminance level) deaeases as the resist gets higher. However, even 
when the height of the resist is increased to have the same value as the thickness of ceils, screen display can be 
achieved without any problem. In this case, as described later, the protrusions (resist) can be designed to fill the role of 
panel spacers. 

Based on the above results, prototypes of liquid crystal displays of size 1 5 were produced using TFT substrates 

35 and CF substrates having protrusions of 0.7 micrometers, l.l micrometers. 1.5 micrometers, and 2.0 micrometers in 
height The trend revealed by the results of the experiment was also observed in the aaually-p reduced liquid crystal 
panels. For actual viewing, because the contrast has been originally high, deteriorations in contrast occurring in the 
panels produced under the different conditions were of a good level. Thus, satisfactory display was achieved. This is 
presumably because the panels originally permitted high contrasts and a little decrease in contrast was indiscernible to 

40 human eyes. Moreover, a panel including protrusions of 0.7 micrometers high was also produced in an effort to detect 
the lower limit of the height of the protrusions working on molecular alignment. Display was perfectly normal. Conse- 
quently, even when the height of the protrusions (resist) is as small as 0.7 micrometers or less, the protrusions can sat- 
isfactorily work on alignment of liquid crystalline m.olecules. 

Fig. 33 is a diagram showing a pattern of protrusions in the second embodiment As shown in Rg. 15. in the first 

45 embodiment protrusions are linear and extending in a direction vertical to the longer sides of pixels. In the second 
embodiment, protrusions are extending in a direction vertical to the shorter sides of pixels 9. The other components of 
the second embodiment are identical to those of the first embodiment. 

Figs. 252 A and 252B show a modification of the second embodiment wherein Fig. 252A shows a protrusion pat- 
tern and Rg. 252B is a sectional view showing the arrangement of the protrusion arrangement. In this modification, the 

50 protrusion 20A disposed on the electrode 12 on the side of the CF substrate 1 6 is extended in such a fashion as to pass 
through the center of the pixel 9 and to extend in a direction perpendicular to the minor side of the pixel 9. No protrusion 
is disposed on the side of the TFT substrate 17. Therefore, the liquid crystal is oriented in two directions inside each 
pixel. As shown in Fig. 2528. the domain is divided by the protrusion 20A at the center of the pixel. Since the edge of 
the pixel electrode serves as the domain regulating means around the pixel electrode 13. the orientation can be divided 

55 stably. In this modification, only one protrusion is disposed for each pixel and the distance between the protrusion 20A 
and the edge of the pixel electrode 13 is great. Therefore, the response speed becomes lower than in the second 
embodiment but the production process becomes simpler because the protrusion is disposed on only one of the sides 
of the substrate. Further, because the occupying area of the protrusion inside the pixel is small, display luminance can 
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be improved. 

Fig, 253 shows a protrusicn pattern of another mcxiti'tcaucn of the second emccciment. The prctrusicn 20A dis- 
posed on the e\ecircCe I2 on the side of the CF substrate 15 iS pcstticne^j at the center c( the pixel 9, and no protrusion 
is disposed on the side of the TFT sucstrate 1 7. The protrusicn 20A is a pyramid, for exarrple. Therefore. :he liquid crys- 

5 tai is oriented tn four direcions irside each pixel. This modification can obtain the same effect as that of the modification 
shown in Fig. 255 ara because the occupying area of the protrusion inside the pixe< is further smaller, cisplay lumi- 
nance can be all the more improved. 

In ihe first and second emrcdiments. num.erous linear protrusions extending unicirectionally are'lccated parallel to 
one another. Orientaticn division caused by the protrusions divides each domain m.ainiy into tvvo- regions. .Azimuths with 

10 which liquid crystalline molecules in two regions are aligned differ from each other by ^SO*. The viewing angle charac- 
teristic for a halftone exhibited relative to light components propagating insic'e a gartzl v/rth azimuths including an azi- 
muth corresponding to a di.'ecion in which liquid cryscalline molevules are ali^nc^j ve.'Tically to the Substrates wih ie 
improved as shown in Figs. 9A to 9C. As for the viewing angle charaaeristic exhibited relative to light components prop- 
agating vertically to the light ccrrTpcnents. the prcfclem described in conjunction v/ith Rgs. M to 7C occurs. For this r ea- 

»5 -scr. oriemc^'cn division si»cu!d preferably oe division of the orientation into four direcocns. 

Fig. 34 is a diagram showing a pattern of protrusions in the third embodiment. As shown in Fig. 34. in th« third 
embodiment, a pattern of protrusions extending lengthwise arxj a pattern of protrusions extending sideways are created 

within each pixel 9. Herein,_the pattern of protrusions extending lengthwise is created in the upper half of one pixel, ar.d 

the pattern of protrusions extending sideways is created in the lower half thereof. In this case, the pattern of protruscns 

20 extending lengthwise divides the orientation of the liquid crystal sideways into azimuths that are mutually different by 
180', that is, divides each pixel or domain sideways into two regions. The pattern of protrusions extending sideways 
divides the orientaticn of the liquid crystal lengthwise into azimuths that are mutually different by 180°. that is. divides 
each pixel or domain lengthwise into two regions. Consequently, the orientation of the liquid crystal within one pixel 9 is 
divided into four directions. Talking of the whole liquid crystal panel, the viewing angle characteristics thereof relative to 

25 both the vertical direcion and lateral direction are improved. In the thinj embodiment, the components other than the 
pattern of protrusions are identicaJ to those of the first embodiment. 

Fig. 35 is a diagram shewing a modification of the pattern of protrusions of the third emoodimem. Tnis modification 
is different from the third embodiment shown in Fig. 34 in a point that a pattern of protrusions extending lengthwise is 
created in the left-half of each pixel, and a pattern of protrusions extending sideways is created in the right half thereof. 

30 Even in this case, like the patterns of protrusions shown in Fig. 34. the orientaticn of the liquid crystal is divided into four 
directions within each pixel 9. The viewing angle characteristics of the panel relative to both tt.e vertical direction and 
lateral direction are improved. 

The first to third embodiments use protrusions as a domain regulating means for realizing orientation division. As 
shown in Fig. 36. the alignment of liquid crystalline molecules near the apices of the. protrusions is not regulated at all. 

35 Near the apices of the protrusions, the alignment of liquid crystalline molecules is therefore not controlled to deteriorate 
display quality. The fourth embodiment is an example for solving this kind of problem. 

Figs. 37A and 378 are diagrams showing the shapes of protrusions in the fourth embodiment. The other compo- 
nents are identical to those of the first to third embodiments. In the fourth embodiment, as shown in Fig. 37A. the pro- 
trusions 20 are partly tapered. The length of the taper portions is about 50 micrometers or less than it. For creating a 

40 pattern of this kind of protrusions, the pattern is drawn using a positive resist, and the protrusions and taper portions 
are created by performing slight etching. With the thus created protrusions, the aligrvnerrtof liquid crystalline molecules 
near the apices of the protrusions can be controlled. 

Moreover, in a modification of the fourth embodiment, as shown in Fig. 378. tapered juts 46 are formed on each 
protrusion 20. Even in this case, the length of each tapered pcrJcn is about 50 micrometers or less than it. For aeating 

^5 a pattern of this kind of protrusions, the pattern is drawn using a positive resist, and the protrusions 20 are created by 
performing slight etching. A positive resist whose thickness is about a half of the height of the protrusions is applied, 
and the tapered juts 46 on the protrusions 2 are left intact by performing slight etching. With the juts, the alignment of 
liquid crystalline molecules near the apices of the juts can be controlled. 

Figs. 38A and 388 are diagrams showing the structure of a panel in the fifth embodiment. Fig. 38A is a diagram 

50 illustratively showing a state in which the panel is seen obliquely, and Fig. 388 is a side view. The fifth embodiment is 
an example in which the structure of a panel corresponds to the structure shown in Fig. 12C. The protrusions 20A are 
created as illustrated on the electrode 12 (herein, a common electrode) formed on the surface of one substrate by 
applying a positive resist, and the slits 21 are created in the electrodes 13 (herein, cell (pixel) electrodes) formed on the 
surface of the other substrate. 

55 Cost serves as an important factor for determining whether a liquid crystal display device couW become commer- 
cially successful or not. The liquid crystal display d^ice of the VA system and. particiiarly. the VA system equipped with 
a domain regulating means features a high display quality as described above but becomes expensive due to the pro- 
vision of the domain regulating means and. hence, it has been desired to further decrease the cost 
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When the protrusion is formed cn the electroce. the pnctoresist that iS appiiec must tse exposed to ligrrt through a 
pattern followed by des/elcpmg and etching, requiring an increased numoer of steps and increased cost, detenorating 
the yield. On the other hand, the pixel electrode must be f6rmed by panefning. and the numoer of the steps does not 
increase despite a pixel elecrcde having a slit is formed. On the side of the TFT substrata, therefore, the cost can be 
decreased -when the domain regulating means is formed by slits rather than protrusions. Cn the other hand, the oppos- 
ing electrode of the color filter substrate {Cr substrate) is usually a flat electrode. When a siit is to be formed in the 
opposing electrode, an etching step must be executed after the patterned photoresist is developed. When the protru- 
sion is to be formed cn the opposing electrode, hcwe/er. the developed photoresist can ce used in its form without 
much driving up the cost of forming the protrusion. Like in the liquid crystal display device or the first emcodiment or the 
present inveniicn. therefore, the domain regulating means cn ths side of the TFT substrate is formed by a slit in the pixel 
electrode and the domain regulating means on the side of tne joior filter substrate is formed by a protrusion, driving up 
tt^e cost linle. 

Fig. 39 is a diagram showing a pattern of slits of esch pixei electrode in a modification of the fifth .embodiment. This 
modification corresponds to an example in which the protrusions 20B are replaced with the slits 21 in the third embod- 
irr.snt. 

When a slit is formed in the pixel electrode to divide it into a plurality of partial elecircdes. the same signal voltage 
must be acplied to these parrial electrodes, and ^lectnc connection portions must be provided tc connect the paitiai 
electrodes together. When the electric conn ectiori portions a/e.fO£!ILS^^Q_tneA^nie layer as th^^ eleco'odes. c/Jen- 
tation of liquid crystals :s disturbed in the electric connection portions impairing viewing angle characteristics, lumi- 
nance of the panel and response speed. 

According to this as shown in Fig. 39. therefore, the electric connection portions are formed in the perimeter of the 
pixel electrode 13 and are shielded by the black matrices (BM) 34 to obtain luminance and response speed comparable 
with those of when protrusions are formed on both of them. In this emcodiment in which the CS elearode 35 having 
light-shielding property is provided at the centra! portion of the pixel, the pixel is divided into upper and lower two por-' 
tlons. Reference numeral 34A denotes an opening of the upper side defined by BM. arxj 34B denotes an opening of the 
lower side defined by BM. and light passes through the inside of the openings. 

The bus lines such as gate bus lines 31 and data bus lines 32 are m>ade of a metal material and have light-shielding 
property. To obtain stable display, the pixel electrodes must be so fo/med as will not be superposed on the bus lines, 
and light must be shielded between the pixel elecrodes and the bus lines. Furthermore, when amorphous silicon is 
used as operation semiconductor, the element characteristics undergo a change upon the incidence of light giving rise 
to the occurrence of erroneous operation. Therefore, the TFT portions must be shielded from light. Therefore, the BM 
34 has heretofore been provided for shielding light for these portions. According to this embodiment the electric con- 
nection portions are provided in the perimeter of the pixel, and light is shielded by the BM 34. There is no need to newly 
provide the BM for shielding fight for the electric connection portions: i.e.. the conventional SM may be used or the 8M 
may be slightly expanded without decreasing the numerical aperture to a serious degree. 

The panel of the fifth embodiment is of a type in which each pixel is divided into two portions, and therefore basi- 
cally exhibits the same characteristics as ths one of the first embodiment. The viewing angle characteristic of the panel 
becomes identical to that of the panel of the second embodiment when the phase-difference film or optical compensa- 
tion film is employed. The response speed of the panel is slightly lower than that of the panel of the first embodiment, 
because oblique electric fields induced by the slits formed in one substrates arc utilized. Nevertheless, the on speed is 
8 ms, the off speed is 9 ms, and the switching speed is 1 7 ms. Thus, the response speed is much higher than the ones 
offered by the conventional modes. As mentioned above, display is seen little irregular. However, the manufacturing 
process is simpler than those of the first and second embodiments. For example, in the course of forming ITO pixel elec- 
trodes {cell electrodes) on a TFT substrate, the electrodes are slitted. A pattern of protrusions is then drawn on a com- 
mon electrode using a photo-resist. As already described, the rubbing step is unnecessary, and the associated after- 
rubbing cleaning step can therefore be omitted. 

For the reference, the measuremem results of an example in which slits are provided on the cell (pixel) electrode 
and no slit is provided on the counter electrode is described. In this example, the cell electrodes have the slits, and the 
width arxi pitch of the slits are determined properly. Owing to this constitution, stable alignment is attained, that is. liquid 
crystalline molecules are aligned in all azimuths of 360* inside walls defined with oblique electric fields induced near 
the slits. The liquid crystalline molecules are aligned in all azimuths of 360* within each small region. The viewing angle 
characteristic of the panel is therefore excellent. An image that is seen homogeneous in all azimuths of can be 
produced. However, a response speed has not been improved. An cn speed is 42 ms. and an off speed is 15 ms. A 
switching speed that is a sum of the on and off speeds is 57 ms. Thus, the response speed has not been improved very 
much. This means that no problem occurs in displaying a still image but the response speed is not high enough to dis- 
play a motion piaure like the one offered by the IPS mode. If a number of the slits is decreased, the response speed is 
further decreased. This is presumably that when the nun^er of the slits is decreased, the area of each domain 
becomes large, and it lengthens a time in which all liquid crystalline molecules are oriented. 
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In the fifth emoociment. wnen a voltage is aDClie<2. the icutd crystal ^as portions, sn which rnc/ecufar atignmenf ts 
unsiaDle. The reason wtK be cescnbed with r(iie(er\ca :o rigs. 40 arc -i ' . r-g. 40 fs a oagram illustrating the aistnbulion 
of onentancn ai liquid crystalline molkrules .n the elear:c connecticn pcrticns. In a portion where the protrusion 20 A 
and the slit 2i are provided in parallel. :he licuid crystalline molecules are cnenied tn a direaicn perpendicular to the 

5 direction in which the protrusion and the slit expend as viewed from the uccer sice, in the electric ccnneaion portion, 
however, the liquid crystalline molecules Ma are onentec in different cirecr.ons. developing atncrmat ortematlon. 
Therefore, as shown in Fig. 'iquid crystalline n^olecules ;n the spaces between rhe prntrusions 2QA and the slits 21 
of the electrodes are aligned in a cirecticn vertical (vertical cirection in the drawing) to the protrusions 20 A and slits 21 , 
Near the apices of the protrusions and the centers of the slits, liquid crysalline molecules are aligned in a hcrizcmal 

JO direction Gut not in the vertical direction. Cblique electric fields induced by the slopes of the protrusions or the slits ena- 
ble control of the '"quid crysxa' in the vertical direcncn in the drawing but cannot enacfe control in the lateral direciicn. 
^or this reason, a reindom a»^main is prcducol sicieways neai tn:? ccices ci the protrjsiciis and the cemsrs of tht slits. 
This has been contirmeO thrcjgh microscopic observation. A domain near the apex cf a protrusion is too small to be 
discerned, causing no proble.T!. However, an area cccupieo by a dcmam having liquid crystalline molecules aligned 

ts . sideways and lying near a siii Ic so targe as to be discerned s'/en by nako'i ayes, wr.en t.*^.e domain is produced regu- 
larly, even if the domain is large, it will not be cared, Howe/er, when the domain is produced at random, an image is 
seen irregular. This leads to deteriorated display quaiiry. The panel in the fifth embcciment makes a little poor impres- 
sion on image quairt/ compared with the one provided by the first embodiment, though display has no probiem.. 

Abnormal orientation causes the iunrtinance of the panel and the response speed to decrease. For example, a com- 

20 parison of a practical device in which an etearic connecdon pcrncn is formed at the central portion of the pixel electrode 
with a practical device in which a protrusion is provided, indicates abnormal conditions such as a drop in the luminance 
and a residual image in which white appears bright for a moment wnen clack changes into white. In the sixth embodi- 
ment, this problem is solved. 

A panel of the sixth embodiment is provided by m.odifying the shape of the proTjsJons 20A and that of the slits 21 

25 in the call electrodes 13 in the panel of the fifth embodiment. Fig. 42 is a diagram snowing the shape of the protrusions 
20A of the sixth em.bodiment and that of the cell electrodes 13 thereof which are seen m a direction vertical to the panel. 
As illustrated, the protrusions 20A are zigzagged. Owing to this shape, as shown in Fig. 43. a domain divided regularly 
into four regions is produced. Consequently, in-egular display that poses a problem in the fifth embodiment can be over- 
come. 

00 Fig. 44 is a plan view of a pixel portion in the LCD according to a sixth embodiment of the present invention. Rg, 
45 is a diagram illustrating a pattern of a pixel elecrode according to the sixth embodiment, and Fig. 46 is a sectional 
view of a portion indicated by A-B in Fig. 44. 

Referring to Pigs. 44 and 46, in the LCD of the sixth em.bodiment. on one glass substrate 15 are form.ed a black 
matrix (BM) 34 for shielding light and a color decomposition filter (color filter) 39, and a common electrode 12 is formed 

35 on one surface thereof. Moreover, sequences of protrusions 20A are formed in a zig-zag manner. The glass substrate 
16 on which the color filter 39 is formed is called color filter substrate (CF substrate). On the other glass substrate 17 
are formed a plurality of scan bus lines 31 arranged in parallel, a plurali^/ of data bus lines 32 arranged in parallel' in a 
direction perpendicular to the scan bus lines. TFTs 33 arranged like a matrix to correspond to the intersecting points of 
the scan bus lines and the data bus lines, and display pixel (cell) electrodes 13. The scan bus fines 31 form gate elec- 

40 trodes of the TFTs 33, and the data bus fines 32 form drain electrodes 42 of the TFTs 33. The sources 41 are formed 
in the same layers as the data bus lines 32 and are formed simultaneously with the formation of the drain electrodes. A 
gate-insulating film, an amorphous silicon active layer and a channel protection film are formed on predetermined por- 
tions between the scan bus line 31 and the data bus line 32. an insulating film is formed on the layer of the data bus line 
32 and. besides, an ITO film corresponding to the pixel electrode 13 is formed thereon. The pixel electrode 13 is of a 

45 rectangular shape of 1 :3 as shown in Fig. 45. and has a plurality cf slits 21 in a direction tilted by 45 degrees with 
respect to the sides thereof. In order to stabilize the potential of ever/ pixel elearode 13. furthermore, a CS electrode 
35 is provided to form a storage capacitor. The glass substrate 17 is called TFT substrate. 

As shown, the sequences of protrusions 20A of the CF substrate and the slits 21 of the TFT substrates are 
arranged being deviated by one-haff pitch of their an-angement. so that the substrates maintain an inverse relationship. 

50 The protrusions and the slits maintain a positional relationship as shown in Fig. 12C. and the orientation of the liquid 
crystals is divided into four directions. As described abc/e. the pixel electrode 13 is formed by forming an ITO film, 
applying a photoresist thereon, exposing it to light through a pattern of elearode. followed by developing and etching. 
Therefore, the slit can be formed through the same step as the conventional step if the patterning is so effected as to 
remove the portion of the slit, without driving up the cost. 

55 Upon forming the siits in the pixel elearode 13. the pixel electrode 13 is divided into a plurali^/ of partial electrodes. 
Here, however, a signal of the same voltage must be applied to the partial electrodes and. hence, the partial electrodes 
must be elearically conneaed together. According to this embodiment as shown in Fig. 45. therefore, the pixel elec- 
trode 13 is not completely divided by slits, but the elearode is left at the perimetric portions 131. 132. 133 of the pixel 
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elearode 13 to torm eiectnc ccnnection ponicns. As described above, the alignments of the molecules are disfurbecJ 
near the electric connecion portions. Therefore, according :o this emtiociment as shown m Fig. 10. the electric connec- 
tion portions are formed m the perimeter oi the pixei electrode i3 and are shietded by the 3M 34 to ctitain luminance 
and response soeed corrparafcie with those of wnen protrusions are formed on both of them. In this embodimerrt in 

5 which the CS elearode 35 having light-shieldirg properry is provided at the central portion of the pixel, the pixef is 
divided Into upper and lower two portions. Reference numeral 34A denotes an cpenmg of the upper side defined by BM. 
and 34B denotes an opening of the lower side defined by BM. and light passes rhrntjgh the inside of the openings. 

Figs. 47 to 48C are diagrams showing a viewing angle characteristic exhibited by the sixth embodiment. As illus- 
trated, the viewing angle Characteristic is excellent and irregular display is overcome. Moreover, a response speed is as 

fo high as a switching speed is 1 7.7 ms. Thus, very fast switching can be achieved. 

rigs. 49A and *^5B illustrate another example of the pattern of the pixel electrode, wherein the 6M 34 shown In Fig. 
493 is formed on t^.e pixel elec.rcde 13 srown in rig. 4SA. The pattern of the pi/el electrode can ue modnied in a varitsty 
of ways. For example, electric ccnneaion ^xaaions may be formc-d in the perimeter on both sides of the slit to decrease 
the I asistance between the partial electrodes. 

fS • ir. :he and sixth embodtrnents, si'ts can b*? provided m ii'.e place of the protrusions on the counter electrode 12. 
Namely, both of the domain reculating means are realized by the slits, however, in this constitution, the response speed 
Is decreased. 

(n the sixth embodimen t, the e lectric connecion portions are formed m the sarrie layer as the partial _electrodes. 
the electric connection portions, however, may be formed in a separate iayer . A seventh embodiment deals with this 
20 case. 

Figs. 50A and SOB are diagrams illustrating a pattern and a structure of the pixel electrode according to the seventh 
embodiment. The seventh embodiment is the same as the sixth embodiment except that the connection electrode 134 
is formed simultaneously with the formation of the data bus line 32. and a contact hole is formed in the insulating layer 
135 to connect the partial electrode 13 to the conneaion efectrode'134. In this embodiment the connection electrode 

25 134 is formed simultaneously with the data bus Itna 32. However, the connection electrode 134 may be formed simul- 
taneously with the gate bus line 31 or the CS electrode 35. The connection electrode may be formed separately from 
the formation of the bus line. In this case, however, a step must be newly provided for forming the connection electrode, 
i.e.. a new step must be added, in order to simplify the steps, it is desired to form the connection electrode simultane- 
ously with the formation of the bus line or the CS electrode. 

30 In the seventh embodiment, the connecticn electrode which becomes a cause of abnormal orientation is mora sep- 
arated away from the liquid crystal layer than that of the sixth embodiment making it possible to further decrease abnor- 
mal orientation. When the connection electrode is formed of a light-shielding material, such a portion is shielded from 
light and the quality of display is further improved. 

Fig. 51 is a plan view of a pixel portion according to a eighth embodiment, and Fig. 52 is a seaional view of a por- 

35 tion A-3 in Fig. 51 . The eighth embodiment is the same as the sixth embodiment except that a protrusion 20C is formed 
in the slit of the pixel electrode 13. Both the slit of the electrode and the insulating protrusion formed on the electrode 
define the orientation region of the liquid aystals. ^Mien the protrusion 200 is formed in the slit 21 as In this embodi- 
ment, the directions of orientation of the liquid crystals due to the slit 21 and the protrusion 20C are in agreement, the 
protrusion 20C assisting the division of orientation by the slit 21 . to improve stability. Therefore, the orientation is more 

40 stabilized and the response speed is more inaeased than those of the first embodiment Referring to Ftg. 52, the pro- 
trusion 20C is formed by laminating the layers that are formed when the CS electrode 35, gate bus line 31 and data bus 
line 32 are formed. 

Figs. 53A to 53J are diagrarr-s illustrating a process for producing a TFT substrate according to the eighth embod- 
iment. In Fig. 53A, a metal film cf the gate layer is formed on a glass substrate 1 7. In Fig. 53B. portions corresponding 

45 to gate bus lines 31. CS electrodes 35 and protrusions 312 are left relying upon the photolithography method. In Fig. 
53C, a gate-insulating film, an amorphous silicon active layer and a channel protection film are continuously formed. In 
Rg. 530, the channel protection film 314 is left in a self-aligned manner by exposure to light through the back surface. 
In Fig, 53E. a metal film 321 is formed for forming the contact layer and the source-drain layer. In Fig. 53F. a source 
electrode 4i and a drain electrode 42 are formed relying on the photolithography method. At this moment, the metal 

50 film is left even at a position corresponding to the protrusion 20C on the inside of the slit In Rg. 53G. a passivation film 
33 is formed. In Fig. 53H. a contaa hole 332 is formed for the source electrode 4i and the pixel electrode. In Fig. 531. 
an ITO film 341 is formed. In rig. 53J. a pixel electrode 13 is formed by the photolithography method. Slits are formed 
at this moment 

According to this embodiment as described above, the protrusion 20C is formed in the slit 21 of the pixel electrode 
55 13 without however, increasing the number of the steps compared with the conventional process. Besides, the orien- 
tation is further stabilized owing to the protrusion 20C, In this embodiment, the protrusion in the slit of the pixel electrode 
is formed by superposing three layers, i.e.. gate bus line layer, channel protection layer and source/drain layer. The pro- 
trusion, however, may be formed by one layer or by a combination of two layers. 
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Fig. 54 «s a diagram snowing the shape ct ihe protrusions 20A and 206 .n :ne ninth emoodiment which are seen in 
a direcion vertical to the panel. Fig, 55 is a diagram snowing a pracica! plan view at pixel portions or the ninth emood- 
iment. A panel of the ninth •errccdiment of the present invention is provioec zy zigzagging the protrusions 20A and 20B 
in the panel of the first enndociment like those :n the one cf the sixth emccciment. As illustrated, the protrusions 20A 

5 and 20B are zigzagged so that an orientation causing each domain to be divided into four regions can be attained. The 
directions of the surfaces of each protrusion reaching and receding from a oeni are rnutually different by 90**. Since liq- 
uid cr/sta!!ine molecuies are aligned in a direction verncal to the sur^ces of each protrusion, an orientation causing 
each domain to be divided into fcur regions can be attained. In practice, a panel :n which a thickness of the liquid crystal 
layer is 4.1 urn. a width and height cf the protrusions 20A are respectively tO and 4 um. a width and height cf the 

w protrusions 20 B are respeaiveiy 5 iim and : .2 urn, a gao between the protrusions 20A and 206 (a distance in the direc- 
tion shifted by. 45' from the horizontal fine in the figure) is 27.5 um. and a size d ihe pixel (p^xef arrangement pitches) 
is dS ;.iT- X 297 um has been rr-ade. As a resuft of measursrner.t of this panel, the rospsnse speed of the pcnel is iden- 
tical to th.it of the panef of the ''irst embodiment. The vtewing angle charaaer;sac thereof is idemical to the one in the 
sixth sn^.bcdiment. and is so excellent as to demonstrate that the orientation is civided vertically and laterally uniformly. 

ts Cptimai values '..* ih« wicth. ;;€:^ht and gap of J^e protrusions have relations to each other, rurther. tpey are changed 
according to materials of the protrusions, vertical alignment film, liquid crystal, a thickness of the liquid crystal layer and 
GO forth. 

In the panel in the ninth en-ibodimerrt. the direction of tilt of liquid crystalline molecules can be controll ed to include • 

four direaions. Regions A. 3. C. and 0 in Fig. 54. are regions to be controlled so that liquid crystalline molecules therein 

20 vwl! be aligned in the four directions. The ratio of the regions within one pixel is uneven. This is because the pattern of 
protrusions is continuous and is located in the same *//ay in ail pixels, and a pitch of repeated patterns of protrusions is 
matched with a pitch of arrayed pixels. In reality, the viewing angle characteristic shown in Fig. 47 to 48C is exhibited 
but does not reflect the uneven ratio of regions resulting from orientation divisicn. However, this state is not very pref- 
erable. The pattern of protrusions shown in Rg. 54 is therefore formed all over the substrates with the pitch of pixels 

25 ignored. The width of a resist is 7 micrometers, an inten/al between resist lines is 1 5 micrometers, the height of the 
resist is 1 .1 micrometers, and the thickness cf cells is 3.5 micrometers. Using a TFT substrate and CF substrate meet- 
ing these conditions, a liquid crystal display of size 15 was produced as a prototype. Some resist lines interfered with 
gate bus lines and data bus lines, Ne»/ertheless. generally good display aop eared. Even when the width of the resist 
was increased to be 15 micrometers and the interval between resist lines -a^s increased to 30 micrometers, nearly the 

30 same results were obtained, Consequentiy, when the width of protrusions and the pitch of repeated patterns are made 
much smaller than the pitch of pixels, even if a pattern of protrusions is drawn with the dimensions of a pixel ignored, 
good display can be attained. Besides, the freedom in design expands. For completely preventing interference with bus 
lines, the pitch of repeated patterns of protrusions or dents should be set to an integral submultiple or multiple of the 
pitch of pixels. Likewise, a cycle of protrusions must be designed in consideration o( a cycle of p'xels and should pref- 

35 erably be set to an integral submultiple or m.ultiple of the pitch of pixels. 

In the ninth embodiment, when a pattern cf protrusions that is discontinuous like the one shown in Fig. 56 is 
adopted, the ratio of regions within one pixel in which liquid crystalline molecules are aligned in tour different directions 
is even. There is still no particular problem in manufacturing. However, since the pattern of protrusions is discontinuous, 
the orientation of the liquid crystal is disordered at the edges of patterns. This leads to deteriorated display quality such 

40 as light leakage. Even from this viewpoint, preferably, the pitch of repeated patterns of protrusions should be nnatched 
with the pitch of arrayed pixels, and a continuous pattern of protrusions should be adopted. 

In the ninth embodiment, the protrusions of dielectric materials are formed in a zig-zag manner on the electrodes 
12, 1 3 as the domain regulating means and the protrusions regulate the alignment direction of the liquid crystalline mol- 
ecules. As described above, the slits provided on the electrodes generate oblique electric fields, at the edges thereof. 

45 and the oblique electric fields operate as the domain regulating means. The edges of the cell (pixel) electrodes also 
generate oblique electric field. Therefore, the oblk^ue electric field must be considered as the domain regulating means. 

Figs. 57A and S7B are diagrams for explaining this phenomenon and shows the case of the vertical orientation 
somewhat inclined from the vertical direction. As shown in Fig. 57A, each liquid crystal particle 14 is oriented substan- 
tially vertically when no voltage is applied thereto. Upon application of a voltage between electrodes 12 and 13, hcw- 

50 ever, an electric field is generated in vertical direction in the electrodes 1 2 and 13 in the region other than the perimeter 
of the electrode 13, so that the liquid crystalline molecules 14 are tilted in the direcion perpendicular to the electric field. 
One electrode is a common electrode, and the other electrode is a display pixel electrode separated into each display 
pixel. Therefore, as shewn in Fig. 57B. the direction cf the eiectric field 8 is inclined at its perimetric edge (edge). The 
liquid crystalline molecules 14 are tilted in the direction perpendicular to the elearic field 8. The direction of inclination 

55 of the liquid crystal, therefore, is Cifierent between the central portion and the edge of the pixel as shown. This phenom- 
enon is called "reverse tilt*. A reverse tilt causes a schlieren structure to be formed in the display pixel area and thus 
deteriorates the display quality. 

The reverse titt also occurs in the case where the domain regulating means is used. Fig. 58 is a diagram showing 
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a portion 4i where the scniieren strucure can be observed m a ccntiquraiion formed with the zigzag protrusion pattern 
o^ the ninth emoodiment. Fig. 59 is a diagram snowing m enlarged form the neighborhood the portion 4i where a 
schlieren structure ts observed and also shews the direction m /^nicri the liquid cr/stailine molecules t'i are tilted upon 
application ot a vcltage thereto, in this case, prarusicns ct Oit^erent materials are formed on the pixel electrode sub- 

5 strata formed with a TFT and on the opposed substrate formed with a common electrode. A vertical alignment (ilm is 
printed, and the device is assembled without being rubbed. The cell thtcKness is 3.5 um. The portion 41 where the 
schlieren structure is cbserr'cd is '.vhere the direction in wnich 'he liquid crystalline molecules are fallen by the orienta- 
tion regulation force due to the diagonal electric field is considerably different from the direction of orientation regulation 
due to the protrusions. This reduces the contrast and the response rate, thereby leading to a deteriorated display qual- 

fo ity. 

In the case where the liquid crystal display device configured of a protrusion pattern bent in zigzag in the ninth 
embroilment is driven, the disolay is aarkened in a part of the .jisp!ay pixels, or a phenomenon called ?.n .^fter-image in 
which a somewhat previous display appears remaining occ.jrs in the display of an animation or cursor reiOcation. Fig. 
60 is a diagram showing a region appearing black in the pixel on the liquid crystal panel conf igured in the ninth embod- 

js imeni. :p this region, the change in orientation is found to be very slav upoi*. application of a voitage. 

rig. 51 A is a sectional view taken in line A-A* in Fig. 60. Fig. 51 B is a sectional vie^v tak«n. in line 8-B*. As shown tn 
Fio. 60. the section A-A* has a region (coking black in the neighcorhocd of the left edge, while the neighborhood of the 

right edge lacks a region.appearjng black. !n correspondence with this, as shown iri Fig, 51 A. the direaion in which the 

liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric field is considerably 

20 different from the direction of orientation regulation due to the protrusions in the neighborhood of the left edge, while the 
direction in which the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal eiearic 
field comparatively coincides with the direction of orientation regulation due to the protrusions in the neighborhood of 
the right edge. In similar fashion, a region looking black is present in the neighborhood of the right edge but absent in 
the neighborhood of the left edge, in correspondence with this, as shown in Fig. 5 IB, the direction in which the liquid 

25 crystalline molecules are tilted by the orientation regulation force due to the diagonal electric field is considerably differ- 
ent from the direaion of orientation regulation due to the protrusions in the neighborhood of the right edge, while the 
direction in which the liquid aystalline molecules are tilted by the orientation regulation force due to the diagonal electric 
field comparatively coincides with the direction of orientation regulation due to the protrusions in the neighborhood of 
the left edge. 

" "30 " ■ As described above, the deterioration of the display quality is attributable to the portion where the direction in which 
the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric field at an edge 
of the display pixel electrode is considerably different from the orientation regulation force due to the protrusions upon 
application of a voltage thereto. 

In the case where a liquid crystal display device having a ccnfiguratton with a protrusion pattern is driven, the dis- 
35 play quality is seen to deteriorate in the neighborhood of the bus line (gate bus line or data bus line) In the pixel. This is 
due to the undesirable minute region (domain) formed in the neighborhood of the bus line and the resulting disturbance 
of liquid crystal orientation and reduced response rate. The problem thus is posed of a reduced viewing angle charac- 
teristic and a reduced color characteristic in half tone. 

Figs. 62A and 62B are diagrams showing a fundamental configuration of a LCO according to a tenth embodiment. 
40 A pixel functions within the range defined by a cell electrode 1 3. which will be called a display region and the remaining 
part a non-display region. Normally, a bus line and a TFT are arranged in a non-display region. A bus line made of a 
metal material has a masking characteristic but a TFT transmits light. As a result, a masking member called a black 
matrix (BM) is inserted between a TFT. a cell electrode and a bus line. 

According to the tenth embodiment, a protrusion 20A is arranged in the non-display region on a common electrode 
45 12 of a CF substrate 16 so as to generate an orientation regulation force in a direction different from the orientation 
restriction force exerted due to a diagonal electric field generated by an edge of the cell electrode 13. Rg. 62A, shows 
the state where no voltage is applied, in this state, liquid crystalline molecules 14 are oriented substantially perpendic- 
ular to the surfaces of the electrodes 12. 13 and the protrusion 20A due to the vertical orientation process. Upon appli- 
cation of a voltage thereto, as shown in Fig. 62B. the liquid crystalline molecules 14 are oriented in the direction 
50 perpendicular to the electric field 8. In the non-display region lacking the cell electrode 13. the electric fieW is formed 
diagonally from the neighborhood of an edge of the cell elecrode 13 toward the non-display region. This diagonal elec- 
tric field tends to orient the liquid crystalline molecules 14 in a direction different from the orientation in the display 
region as shown in Fig. 578. The orientation regulation force of the protrusion 42. however, orients the liquid crystalline 
molecules 14 in the same direction as in the display region, as shown in Fig. 52 A. 
55 Fig. 63 is a diagram showing a protrusion arrangemem pattern in a liquid crystal display device of the tenth embod- 
iment. Fig. 64 is a diagram showing, in enlarged form, the portion defined by a circle in Fig. 63. In the tenth embodiment, 
a new protrusion 52 is formed in the vicinity of the portion where a shlieren structure is observed. This protrusion 52 is 
connected to and integrally formed with a protrusion arrangement 20A termed on the common electrode 12. The rela- 
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tion shewn in rigs. 62A and 523 ts realized at !he portion formed with the protrusjon 52. where the orientation of the 
liquid crystalline molecules 14 at an edQe of the cell electrode coincides with the orientation in the display region, as 
shown in Fig. 64. Therefore, the schlieren structure that has been observed m Fig. 58 cannot be observed in Fig. 64 for 
an improve display quality. 

5 Fig. 255 shews a modification in which the protfustcn 52 is arranged to face the edge of the pixel electrode 13. In 
this modrfication. no shileren structure is observed. 

The tenth emcodiment. which uses an acrylic transparent resin for the prctruGJcn, can alternatively use a black 
material. The use of a black resin material can shield the leakage light at the protrusion and therefore improves the con- 
trast. This is also the case with the emccdimems described below. 

w The protrusion 52 which is formed as a non-display region domain regulating means in the non-display region as 
shown in rigs. 62A -o 63 can be replaced by a depression (groove) with equal affect. The depression, however, is 
required to be formed on the TP' substrate. 

Any non-display domain regulating means which has an apprcpriate orientation regulation force can be employed. 
The direction of orientation is known to change, for example, when the light of ={ specific wavelength such as ultraviolet 

J5 light is irradiated on the alignment i\uv.. {jUllzlnQ this phenomenon, it is .cossibie 'o realize a no/i-d;<;D)ay region domain 
regulating means by changing the direction of orieniatinn in a part of the non-display region. 

Figs. 65A and 553 are diagrams .'or explaining the change in orientation direction by irradiation of ultraviolet light. 
As shown in Fig. 65A, a vertical alignment film is coated on the substrate suf^ce^nda non-jDplarJzed. ultraviolet iigfy ■ 
is irradiated cn rt from one direaicn at an angle of. say. 45^* as shown in Fig. 653. Then, the direction of orientation of 

20 the liquid crystalline molecules 1 4 is known to tilt toward the direction in which the ultraviolet light is irradiated. 

Fig. 66 is a diagram shewing a modification of the tenth embodiment. The ultraviolet light is irradiated from the 
direction indicated by arrow 54 on a portion 53 of the alignment film on the TFT substrate opposed to the protrusion 52 
constituting the non-display domain regulating means shown in Rg. 63. As a result, the portion 53 comes to have an 
orientation regulation force acting in such a direcion as to offset the effect of the diagonal electric field at the edge of 

25 the cell electrode 13. Consequently, an effect similar to that of the tenth embodiment shown in Fig. 63 is obtained. The 
ultraviolet light, though irradiated only on the TFT substrate in Fig. 66. can alternatively be irradiated only on the CF sub- 
strate 16 or on both the TFT substrate and the CF substrate. The direction in which the ultraviolet light is irradiated is 
required to be set optimally striking a balance between the degree of the orientation regulation force in relation to the 
in-adiation conditions and the orientation regulation force due to the diagonal electric field. 

30 The non-display region domain regulating means, which reduces the effect of the diagonal electric field generated 
at an edge of the cell electrode on the orientation of the liquid crystalline molecules in the display region ar»d stabilizes 
the orientation of the liquid crystalline molecules in the display region, is applicable to various systems including the VA 
system. 

Now. desirable arrangements of the protrusions and depressions, which operate as the domain regulating means, 
35 which respea to edges of pixel electrodes will be described. Figs. 67A to 57C are 22 diagrams showing fundamental 
relative positions of the edge of the cell e\ecXc(xie and protrusions acting as domain regulating means. As shown in Fig. 
67A. protrusions 206 are arranged at the edges of the cell electrode 13. or a protrusion 20A is arranged on the common 
electrode 12 opposed to the edge of the cell electrode 13 as shown in Rg. 67B, As another alternative, the protrusion 
20A on the CF substrate is formed inside the display region with respect to the edges of the cell electrode 13, as shown 
40 in Fig. 67C. while the protrusion 20B on the TFT substrate 17 is arranged in the non-display region. 

In Figs. 67A and 678. the protrusions are arranged at the edges of the cell electrode 13 or in opposed relation 
thereto, and the region where the protrusions affect the orientation direction of the liquid aystal is defined by the edges. 
Regardless of the state of the diagonal electric field in the non-display region, therefore, the orientation in the display 
region is not affected whatsoever. Thus, a stable orientation is secured in the display region and the display quality is 
45 improved. 

According to the conditions for arrangement shown in Fig. 67C. the orientation restriction force of the diagonal elec- 
tric field at an edge of the cell electrode 13 is in the same direction as the orientation regulation force of the protrusions, 
and therefore a stable orientation can be obtained without developing any domain. 

The conditicns under which the direction of the orientation regulation force of the diagonal electric field coincides 

50 with the direction of the orientation regulation force of the domain regulating means can be realized also using a depres- 
sion instead of a protrusion. Fig. 68 is a diagram showing an arrangemerrt of edges and depressions for realizing the 
conditions for arrangement equivalent to Fig. 67C. Specifically, the protrusions 20B on the TFT substrate 17 are 
arranged inside the display region, and the protrusions 20A on the CF substrate are arranged in the non-display region 
with respect to the edges of the cell electrode 13. 

55 Figs. 69A and 698 are diagrams showing an arrangement of a linear (striped) protrusion arrangement constituting 
a domain regulating means on a LCD realizing the conditions Fig. 67C in the first embodiment. Fig. 69A is a top plan 
view and Fig. 698 is a sectional view. In the configuration of Figs. 69A and 698. the protrusion height is about 2 ^m. the 
protrusion width is 7 ^m and the inter -protrusion interval is 40 \im. After two substrates are attached to each other, the 
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protrusions ct the TFT suDstrate are arranged m a staggered fasnion with the protrusions cr the CF substrate. In order 
to realise the conditions of Fig. 57C. ihe protrusions oi the TFT substrate 1 7 are interposed between the cell electrodes 
13. Since a gate bus line 31 is interposed between the cell electrodes J 3. however, the protrusion arranged between 
the cell electrodes 13 is located on the gate bus line 3i. 

5 With the LCD of Figs. 59A and 698. no undesirable domain is observed and the switching speed is not low at any 

portion. Therefore, a superior display quality is obtained without any after-image. Assuming that the protrusions 208 
. between the ceil electrodes 13 in Figs. 69A and 535 are arranged at the edges of the ceil electrodes 13. the ccr^citicns 
of Fig. 67A can be met. while if the arrangement of the protrusions 20A and 208 is reversed between the two sub- 
strates, on the other hand, the conditions of Fig. 678 are satisfied. The protrusion an-anged on cr in opposed relation 

10 to the edC2S can alternatively be arrarged either ^n the TFT sucstraie 1 7 or on the CF sucstrate 16. Considering the 
dispff.cament of the substrates attscned to each other, however, the protrusions are desirably formed at the edges c^ 
:he celi olectrodes 13 or. the i FT suoctrate ' 1. 

Figs. 70 A and 708 are dtagram.s shc.ving an arrangement of a crotrusion arrangement of another protrusion pat- 
tern for a lCD according to a eleventh embodiment satisfying the conditions of Fjg. 67C. Fig. 70 A is a top plan view and 

rs Fig. 708 is i sectional view. As shown, a checl'sred gro of protrusion^ ;g arranged between the cell electrodes 13. and 
protrusions similar in shape to the above-mentioned protrusion pattern are formed sequentially inward of each pixel. By 
use of this protrusion pattern, the orientation in each pixel can be divided into four directions, but not in equal proportion. 

_ _Also in this case^the checkered protrusion pattern is arranged on the gate bus A«he_3l_3nd;ihe data bus line 32 between 

the cell electrodes 13. 

20 .Also in Figs. 70A and 708, the conditions of Figs. 67A and 678 are satisfied if the protrusions 208 otherwise inter- 
posed between the ceil electrodes 13 are an-anged at a portion in opposed relation to an edge of the ceil electrode 13 
of the TFT substrate 17 or an edge of the CF substrate. In this case, too, the protrusions are preferably formed at the 
edges of the cell electrode 13 on the TFT substrate 17. 

In the example shown in Figs. 70A and 708. protrusions are formed in rectangular grid similar to the rectangular 

25 cell electrodes. Since the protrusions are rectangular, however, an equal proportion cannot be secured for all the direc- 
tions of orientation. In '/iew of this, a protrusion an^angement bent in zigzag shown in the ninth embodiment is con- 
ceived. As described with reference to Figs. 53 and 60. however, an undesirable domain is generated in the 
neighborhood of the edges of the cell electrode 13 unless protrusions are formed as shown in Fig, 53. For this reason, 
independent protrusions for different pixels, not a continuous arrangement of protrusions as shown in Fig. 71 , is the next 

30 subject of discussion. In the case where the protrusions 20A and 208 are formed as shown in Fig. 71. however, an 
abnormal orientation occurs at the portion indicated by T of the pixel 13. with the result that the difference in distance 
from an electric field controller (TF) 33 poses the problem of a reduced response rate. With the protrusion arrangement 
bent in zigzag in a rectangular pixel, it is inrpossible to satisfy the conditions for arrangem.ent of the protrusions in rela- 
tion to ail the edges of the cell electrode shown in Figs. 67A to 67C. A twelfth embodiment is intended to solve this prob* 

35 I em. 

Fig. 72 is a diagram showing the shapes of the cell electrode 1 3. the gate bus line 31 . the data bus line 32. the TFT 
33 and the protrusions 20A. 208 according to the twelfth embodiment. As shown, in the twelfth embodiment, the cell 
electrode 13 has a shape similar to the bent form of the zigzag protrusions 20A. 208. This shape prevents the occur- 
rence of an abnormal orientation, and the equal distance from the TFT 33 to the end of the cell electrode 13 can 

40 improve the response rate. According to the twelfth embodiment, the gate bus line 31 is also bent in zigzag in conform- 
ance with the shape of the cell electrode 13. 

As far as the protrusions arranged on the gate bus line 31 are \o(me6 on the Qonions in opposed t^ai^ion to the 
edges of the cell electrode 13 or the edges of the CF substrate, the conditions of Figs. 57A and 578 are satisfied. In this 
case, too, the protrusions are desirably formed at the edges of the cell electrode 13 on the TFT substrate. 

45 Nevertheless, the conditions of Figs. 57A to 67C can be met only for the edges parallel to the gate bus line 31 but 
not for the edges parallel to the data bus line 32. As a result, the latter portion is exposed to the effect of the diagonal 
electric field, thereby posing the problem described above with reference to Figs. 57A to 60. 

Fig. 73 is a diagram showing the shapes of the cell electrode 13. the gate bus line 31. the data bus line 32. the TFT 
33 and the protrusions 20A. 208 according to a modification of the twelfth embodiment. Unlike in the twelfth embodi- 

50 ment of Fig. 72 in which the gate bus line 3 1 is shaped in zigzag in conformance with the shape of the cell electrode 1 3. 
the cell electrode 13 is shaped as shown in Fig. 73. so that the gate bus line 31 is rectilinear wNle the data bus line 32 
is bent in zigzag. In Fig. 73. the protrusions 20A and 208 are not independent for different pixels but form a continuous 
protrusion covering a plurality of pixels. The protrusion 208 is arranged on the data bus line 32 laid vertically between 
the cell electrodes 13 thereby to satisfy the conditions of 67C. The arrangement of Fig. 73 can also realize the condi- 

55 lions of Figs. 57A and 678. as far as the protrusions arranged on the data bus line 32 are formed in spatially opposed 
relation to the edges of the cell electrode 13 or the edges of the CF substrate 16. In this case, too, the protrusions are 
desirably formed at the edges of the cell electrode 13 on the TFT substrate 17. 

In the arrangement of Fig, 73. each protrusion aosses the edge of the cell electrode 13 parallel to the gate bus line 
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31 . The resulting effect of the diagonal eleanc fielo cn this portion gives rjse to the prcbiem described aoove with rer- 
erence to Figs. 57A to 50. 

Fig. 74 IS a diagram showing another modif ication of the twelfth embodiment. In the arrangement shown in Fig. 74. 
the prctrusicns are bent twice in a pixel. This makes the pixel somewnat rectangular in shape as compared with Fig. 73 
5 and therefore the display is easier to view. 

Fig. 75 is a diagram showing the shapes of the cell electrode 13. the gate bus line 31 . the data bus line 32, the TFT 
33 and the protrusions 20A. 208 according to a thirteenth embcdimer^t. Figs. 75A and 763 arc sccticra! views taken in 
lines A-A' and B-B' in Fig. 75. In order to alleviate the effec. of the diagonal elearic field at the edges of the cell electrode 
13 with a protrusion arrangement bent in zigzag, the tenth embodiment includes the non«display region domain regu- 
fo lating means arranged outside the display region while the thirteenth embodiment has the cell electrole bent in zigzag, 
both havino failed to completely eliminate the effect of the diagonal elec^'ic field. In view of this, acccrdtng to the thir- 
teenth embcdiment. the portion where the orientation is liable to oe disturbed and an unde&lrabKi domain is lisbis to 
occur as 3hown Figs. 53 and 60 is masked by a black matrix 34 to eliminate the effect of tf'e diagonal electric field on 
the display. 

15 • At the portion A-A* shown in Fig. 75 is free of the affect of the diagonal electric field, the BM 3-> is na:.-w€d as 
shown in Fig. 76A. while at the portion B-B' where the diagonal electric field has a considerable effea. the width of tne 
8M 34 is increased as compared with the prior art so as not to display any image. )n this way. the display quality is not 
deteriorated nor an after-image or a ^educed__CGntrast_!S_cause^ area of Jhe 3M 34. however, reduces 

the (uminance of display due to a reduced numerical aperture. Nevertheless, no prcbiem is posed as far as the area of 

20 the increase of BM 34 is not considerable. 

As described with reference to the tenth to thirteenth embodiments, according to this invention, the effect of the 
diagonal elecric field at the edge portions of the cell electrode can be alleviated and therefore the display quality can 
be improved. 

In the em.bodiments as set above, the orientation of liquid crystal is divided'by 'the "domain regulating means. A 

25 detailed observation of the orientation in the boundary portion of the domain, however, reveals the fact that the domain 
is divided in the directions 180* apart at the domain regulating means, that minute domains 90* different in direction 
exist in the boundary portion (on a protrusion, a depression or a slit) between domains and that a region looking black 
exists in the boundary (the neighborhood of the edge of a protrusion, if any) of each domain including a minute domain. 
The region looking dark brings about a reduced numerical aperture and darkens the display. As described above, the 

20 liquid crystal display device using a TFT requires a CS electrode contributing to a reduced numerical aperture, (n other 
cases, a black matrix (BM) is provided for shieWing the surrounding of the display pixel electrode and the TFT. In all of 
these cases, it is necessary to prevent the numerical aperture from being reduced as far as possible. 

The use of a storage capacitor with the CS electrode was described above. Let us briefly explain the function of the 
storage capacitor (CS) and the electrode structure. The circuit of each pixel in a liquid crystal panel having a storage 

35 capacitor is shown in Fig. 77A. As shown in Fig. 1 7. the CS electrode 35 is formed in parallel to the cell electrode 1 3 in 
such a manner as to configure a capacitor element between the CS electrode 35 and the eel) electrode 13 through a 
dielectric layer. The CS electrode 35 is connected to the same potential as the common electrode 12. and therefore, as 
shown in Fig. 77A. a storage capacitor 2 is formed in parallel to the capacitor 1 due to the liquid crystal. Upon applica- 
tion of a voltage to the liquid crystal 1. a voltage is similarly applied to the storage capacitor 2. so that the voltage held 

-fo in the liquid crystal 1 is held also in the storage capacitor 2. As compared with the liquid crystal 1 . the storage capacitor 
2 is easily affected by a voltage change of the bus line or the like, and therefore effectively contributes to suppressing 
an after-image or a flicker and alleviating the display failure due to the TFT-off current. The CS electrode 35 is preferably 
formed in the same layer as the gate (gate bus line), the source (data bus line) or the drain (celt) electrode of the TFT 
element in order to simplify the process. Since these electrodes are formed of an opaque metal for securing ^le 

45 required accuracy, the CS electrode 35 is also opaque. Ai described above, the CS electrode is formed in parallel to 
the cell electrode 13, and therefore the portion of the CS electrode cannot be used as a display pixel for a reduced 
numerical aperture. 

The liquid crystal display device is required to have an improved display luminance while an effort is being made to 
save power consumption at the same time. Tne numerical aperture, therefore, is preferably as high as possible. As 
50 explained above, on the other hand, the light leakage through the slit formed in the protrusion or the electrode for 
improving the display quality deteriorates the display quality. For eliminating this inconvenience, the protrusion is pref- 
erably made of a masking material and the slit is preferably masked with a 8M or the tike. Nevertheless, these meas- 
ures contribute to a lower numerical aperture. 

An arrangement of the protrusions 20A. 20B and the CS electrode 35 of the embodiments as set above is shown 
55 in Fig. 77B. The protrusions 20 A. 208 and the CS electrode 35 are cpaque to the light and the corresponding portions 
have a lower numerical aperture. The protrusions 20A. 208 are formed partly in superposition but partly not in super- 
position on a part of the CS electrode 35. 

Figs. 78A and 788 are diagrams shewing an arrangement of the protrusions 20 (20A. 208) and the CS electrodes 
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35 according to an I4(h emoooimenc, rfg. 7QA <s a fco ptan view and Fig. 738 is a sectional view. As srtcwn, a plurality 
of CS eiectrode units 35 are arranged under the prctrusicns 20 A. 2GB. For a sicrage capacitor o* a predetermined 
capacitance to oe realized, a predetermine area is recuireo oi the C3 efecrcce units 35. The combned area oi the 
live units into wnich the CS electrode 35 is CiviCec as 3ncwn in Figs. 78A arc 788 coincides with the area of the CS 
5 electrode 35 shown of Figs. 77A and 77B. Further, m view of :he fact that the CS elearode units and the protrusions 
20A, 208 are all superposed one on another in Figs. 73A and 7SB. the numencal aperoire iS not substantially reduced 
rr.ora than it .vculd be reduced by the CS electrcce alone, it follows, therefore, that the numerical aperture is not 
reduced by the provision of the protrusions. 

Figs. 79A and 798 are diagrams showing an arrangefnent of the slits 21 ct the electrodes 12. 13 ar^d :he CS elec- 
10 trode units 35 according to a mccitication of the 1 4ih emoccimem. Fig. 79 A -s a tcp plan view and Fig. 7S8 is a sectional 
view. The siits 21 .function as a domain regulating means ard ^re pref<?rpcly masked for preventing the licht leakage 
therethrougn. In this modifiuiiion, tit leakage light at the slits 21 is mt-skevi by the CS elsi^trode units o5. Sincfi the totat 
area of the CS electrode units 35 remains the same, the numerical apertur« is not reduced. 

Figs. 80 A and 808 are diagrams showing an arrangement of the slits 2 1 of the electrodes 12, 13, and the CS e'eo- 
T5 trode units 35 ccccrding to another modification of the 1 ith embodiment. Fig. SOA c a tcp clan view ana Fig. SOB is a 
sectional view. This modrfication is identical to the aforementioned modrficaticn of Figs. 73A and 7S5 except that the 
protrusions are bent in zigzag. 

Figs. 31 A and 81 3 are diagrams showing an arrangement of the slits 2: of the electrodes 12, 13. and the CS elec-_ 

trode units 35 according to another mcditicaiion of the "l^th emcociment. Fig. 31 A is a tcp glan view and Fig. 8lB is a 
20 sectional view. This modification represents the case in wnich the total area of the protrusions 20A. 20B is larger than 
the total areas of the CS electrode units 35. According to this modification, the CS electrode units are arranged at posi- 
tions corresponding to the edges of the protrusions 20A. 20B and not arranged at the central portion of the protrusion. 
As a result, a minute domain having an orientation angle 90° different existing in the neighborhood of the tcp of the pro- 
trusion can be effectively utilized for a brignier display 
25 The constitution in which the CS electrode is divided into a plurality of CS electrode unit can be adapted to a case 
in which the depressions (grooves) are used as the domain regulating means. 

The 1 4th embodiment described above can prevent the reduction in numerical aperture which otherwise might be 
caused by the domain regulating means used. 

Fig. 82 shows a protrusion pattern of the fifteenth embodiment. In this fifteenth embodiment, linear protrusions 20A 
20 and 20B are disposed in parallel with one another on the upper and lower substrates, respectively, so that when they 
are viewed from the surface of the substrates, these protrusions 20 A and 208 orthogonally cross one another. The liq- 
uid crystalline molecules 14 are oriented perpendicularly to the slopes under the state where no voltage is applied 
between the electrodes but the Wqvki crystalline molecules in the proximity of the slopes of the protrusions 20A and 208 
are oriented perpendicularly to the slopes. Therefore, the liquid crystalline molecules in the proximity cf the slopes of 
35 the protrusions 20 A and 208 are inclined under this state and moreover, the direcaons cf inclination are different by 90 
degrees near the protrusions 20A and 208. When the voltage is applied between the electrodes, the liquid crystalline 
molecules are inclined in a direction which is parallel to the substrates, but because the liquid crystalline molecules are 
regulated in the directions different by SO degrees near the protrusions 20A and 208. respectively, they are twisted. The 
change of the image in the case of twisting in this fifteenth embodiment is the same as that of the TN mode shown in 
40 Figs. 2 A to 2C. Fig. 2C shows the state when no voltage is applied and this is different only in that when the voltage is 
applied, the state becomes the one shown in Fig. 2A, As shown in Fig. 32. further, four different twist regions are 
defined in the range encompassed by the protrusions 20A and 20B in the fifteenth embodiment. In consequence, vie'.v- 
ing angle performance is excellent, too. Incidentally, the directions of the fwists are different among the adjacent 
regions. 

45 Figs. S3A to 83D explanatory views useful for explaining why the response speed in the fifteenth embodiment is 
higher than that of the first embodiment. Fig. 83A shows the state where no voltage is applied, and the liquid crystalline 
molecules are oriented perpendicularly to the substrates. When the voltage is applied, the liquid aystalline molecules 
are inclined in such a manner as to twist in the LCD of the fifteenth embodiment as shown in Fig. 838. !n contrast, the 
liquid crystalline molecules at other portions are oriented by using the liquid crystalline molecules keeping touch with 

50 the protrusions as the trigger in the LCD of the first embodiment as shown in Fig. 83C. However, the liquid crystalline 
molecules near the centers of the upper and lower protrusions m»ove irregularly when the orientation changes because 
they are not limited, and they are oriented in the same direction as shewn in Fig. 83C after the passage of a certain 
period of time. Generally, the change speed of the twist of the LCDs is high not only in the LCD of the VA system LCD 
using the protrusions, and the response speed of the fifteenth embodiment is higher than that of the first embodiment. 

55 Fig. 84 shows viewing angle performance of the LCD of the fifteenth embodimenL Tnis viewing angle performance 
is extremely excellent in the same way as that of the VA LCD of the first embodiment, and is naturally higher than that 
of the TN mode and is at least equal to that of the IPS mode. 

Fig. aSA is a diagram shewing the response speeds with the change of the gray-scale at the 16lh graduation. 32nd 



28 



( 



EP 0 Q84 626 A2 

gradation. 48th gradation, d^tn gradation and t:iack (first oracaticn) wnen 64*gradatiQn display is effected m the LCO of 
the fifteenth errocdiment. For reference. Fig. 35B shows :he response speed of the IN mode. Fig. 35C shows the 
response speed of the mono-domain VA mode tn wmcn the orientation is not divided and Fig. 350 shows the response 
speed of the multi-dcmatn VA mcda using the parallel protrusions ct the first embodiment. For example, the resconse 

5 speed from the full black to the full white is 53 ms in the IN m.cde. 19 ms In the mono-domain VA mode and 19 m.s in 
the multi -domain system, whereas :t ts IS ms m the fifteenth emtcdiment, and this value remains at the same level as 
those of other VA .T<:<je. The response speed from the ful! v.-hitc to the full black is 21 ms in the TN m.ode 12 ms in the 
mono-domain VA mode and 12 ms in the muiti<Jcm.ain rype. whereas it is 6 m.s in the fifteenth embodiment, and this 
value is higher than those of other VA modes. Furtrier. the resccnse speed from the full to the 16th gradation is 30 ms 

10 in the TN mode. 50 ms in the mono-domain type and 130 ms in the multi-domain type, whereas it is 28 ms in the fif- 
teenth embodiment, and this vaiue remairs at the same level as that of the TN mode and is by far more excellent than 
the '/altos oth^r /A modes. The response speed frcrr the i5th g.'sdation \o the full black is 21 mi* in the TN mode. 
9 ms in the mono-domain type and 13 ms in the m;uiti-domain r/pe. whereas it is 4 ms in the fifteenth embodiment and 
this value is more excellent than the valuts ct any other modes. Incidentally, the response speed of the IPS mode is 

J 5 ■ extremely lower in comparison with any otnor mocos, ard the r esconss speeds rrom ^^e tuil black to th3 full white and 
vice versa are 75 ms, the response speed from the full black to the I6th gradation is 200 ms and the response-speed 
from the !6 gradation to the full black is 75 ms. 

_ _ As described above, the LCD of the fifteenth embocimern arejxtremeiy excellent in both viewing angle_ perform-- 
ance and the response speed, 

20 Figs. 86A and 86B shows another protrusion patterns for accomplishing the twist type VA system desaibed above. 
In Fig. 36A protrusions 20A and 20B are interruptedly disposed in such a fashion as to extend orthogonally in two direc- 
tions on the respective substrates and not to cress one another, but to cross one another when they are viewed from 
the respeaive substrates. In this em.codiment. four twist regions are formed in the different way from Fig. 82. The direc- 
tion of the twist is the same in each r//ist region but the rotating positions deviate from one another by 90 degrees. In 

25 Fig. 3SB protrusions 20A and 208 are disposed in such a fashion as to extend orthogonally in two directions to the 
respective substrates and to cross one another but to deviate m.utually in both directions. In this embodiment, two twist 
regions having mutually different twist directions are formed. 

!n nqs. 82. 86A and 863. the protrusions 20A and 209 disposed on the two substrates need not be disposed in 
such a fashion as to orthogonally cross one another. Fig. 87 shc*//s a modification wherein the protrusions 20A and 208 

30 shown in Fig. 82 are so disposed as to cross one another at an angle other than 90 degrees, in this case, too, four twist 
regions having mutually different twist directions are formed, and *iie quantity of the twist is diflerent between the two 
opposed regions. 

Furthermore, the same result can be obtained when slits are disposed in place of the protrusions 20A and 208 
shown in Figs. 32. 86A and 863. 

35 In the fifteenth embodiment shown in Fig. 82. there is no means for controlling the orientation at the center portion 
in the frame encompassed by the protrusions 20A and 203 in comparison with the portions near the protrusions, and 
the orientation is likely to be disturbed because it is far from the protrusions. For this reason, an elongated time is nec- 
essary before the orientation gets stabilized, and it is expected that the response speed at the center portion becomes 
lower. The response speed attains the highest at the corner portions of the frame because they are affected strongly by 

40 the protrusions serving as two adjacent sides. The influences of the orientation at the corner portions are transferred to 
the center portion, impinge with the influences of other twist regions and the twist regions are rendered definite and are 
stabilized. In this way. all the liquid crystals are net simultaneously onented, but certain portions are first oriented and 
then this orientation is transmitted to the portions nearby Therefore, the response speed becomes slower at the center 
portion far from the protrusions. When the frame defined by crossing is a square as shown in Fig. 82 for example, the 

45 influences are transferred from the four corners but when the frame defined by the crossing protrusions is the parallel- 
ogram as shown in Fig. 87. the influences are transferred frcm the acute angle portions, where the influences of the 
protrusions are stronger, to the center portion. The influences impinge at the center portion and are further transferred 
to the corners having an obtuse angle. Therefore, the response speed becomes slower in the parallelogramic frame 
than in the square frame. To solve such a problem, a protrusion 20O similar to the frame is disposed at the center of 

so each frame as shown in Fig. 88. An excellent response speed can be obtained when, for example, the protrusions 20A 
and 20B has a width of 5 ^ and a height of 1.5 |jm, the gap of the protrusions is 25 \xm and the protrusion 200 is a 
square pyramid having a bottom of 5 |im. 

Fig. 89 shows another embodiment wherein the protrusion is disposed at the center of each frame of the protrusion 
pattern shown in Fig. 87. The same result as that of Fig. 32 can be obtained according to this arrangement, too. 

55 In the constructions shown in Figs. 82. 86 A. 868 and 37 wherein the protrusions 20 A and 208 cross one another, 
the thickness of the liquid crystal layer can be limited at the portions at which the protrusions 20A and 20B cross one 
another by setting the sum of the height of the protrusions 20A and 208 to a value equal to the gap of the substrates, 
that is. the thickness of the liquid crystal layer. According to this arrangement, the spacer need not be used. 
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Figs. 90 A and 908 are diagrams sncwirg the siruaure of a panet of the 16th smbodimenr. Fig. 90A \s a s\6e view, 
and Fig. 90B iS an cciique view cf a pcrticn of tne panel carresponcing to one square of a lattice. Fig. 91 is a diagram 
showing a pattern of protrusions m :r.e 16th emccdiment wnicn is seen in a (2ireaion vertical to the panel. As illustrated, 
in the i6lh en^Dodiment, tie protrusions 20A are created iike a cubic lattice on the electrode 12 formed on one sub- 

5 straie. and the pyramidal protrusions 208 are created at positions coincident with the center positions of the opposite 
squares of the lattice on the electrodes on the other suiDstrate. In a region shown in Fig. 908. the orientation is divided 
accoc'Cing to the principles descrit^ed in conjunc^on with Fig. t2B and divided verticaiiy and laterally uniformly. In reality, 
a protor/pe was produced oy setting the distance i:er//een the e/ectfodes to 3.5 mjcrometers. the sideways spacing 
between protrusions 20A and 206 :c 10 miacmeters. and the heignt of protrusions to 5 micrometers. As a result, the 

•0 viewing angie cparaaensac o: panel was cf :re iame levei as the one of the panel or cne second embodiment 
shcv/n in Fig. 22. . 

Figs. 25 A A and 2548 si^Cw- a ntcdificaiicn of :^e ."uxteenth embodiment, fig. 2 54 A Ghc;vs a procrusion partem and 
Fig. 254i3 is a sectional view In this modification, the arrangement of the matrix-like protrusions and the pyramidal pro- 
trusions of the Sixteenth emcociment is reversed, in ctlier words, the protrusion 20 A disposed on the electrode 12 of 

;5 the CF substrate i fi is pyr?.mida( whereas the proirusicn 20 B on the side or '^\^ TFT substrate 1 7 has a two-dimensional 
matrix form. The protrusion 20A is ciscosed at the center of each pixel 9 and the protrusion 208 is disposed in the same 
pitch as that cf the pixels and is disposed on the bus line between the pixels 9. Therefore, the liquid crystal is oriented 

_.Jn four directions inside each pixel. Tne domain is divided by the protrusion 20A at the center of the pixeLas_shown in 

Fig. 2548. The protrusion 208 disposed outs^ie me pixel electrode 13 divides the orientation at the boundary of the pix- 

20 els as shovyn in the drawing. Further, the edge cf the pixel electrode functions at this portion as the domain regulating 
means. The orientation regulating force by the protrusion 208 and the orientation regulating force of the edge of the 
pixel electrode coincide with eaG'^ ether. Consequently, the division of the orierrtation can be carried out stably. In this 
modification, the distances between the protrusion 20A and the protrusion 208 versus the edge of the pixel electrode 
12 are great. Therefore, it is only the protrusion 20A that exists inside the pixel, and the occupying area of the protrusion 

25 inside the pixel is small and display luminance can be improved, though the response speed drops to a certain extent. 
Further, the production cost can be reduced by forming the protrusion 208 by the formation process of the bus line 
because the number of the production steps does not increase. 

In the aforesaid first to I6th embodiments, protrusions produced using a resist that is an insulating material are 
used as a domain regulating means for dividing the orientation of a liquid crystal. In the embodiments, the shape of the 

30 inclined surfaces of the protrusions are utilized. Tne insulating protrusions are very important in terms of the effect of 
irrterruption of electric fields. A liquid crystal is driven using, generalJy an alternating wave. With an increase in 
response speed deriving from innovation of a liquid crystal material, influence exerted during one frame (during which 
a direct (dc) voltage is applied), that is. influence ^^(QteietrnineC by a DC wave must be taken into full consideration, A 
driving wave for a liquid crystal must exhibit both the characteristics of the AC and DC voltages and satisfy the require- 

35 ments for the AC and DC voltages. Tne properties of the resist used to allow the driving wave tor a liquid crystal to exert 
a predetermined effect of minimizing electric fields must be set in relation to the characteristics of the AC and OC volt- 
ages or the AC ard OC characteristics. Specifically, the resist must be set to have properties affective in minimizing 
electric fields in relation to the AC ar>d OC characeristics. 

From the viewpoint of the DC characteristic, the specific resistance p must be high enough to affect the resistance 

40 of a liquid-crystal layer. Specifically, the specific resistance must be 10^^ ohms/cm or more so that it will be equal to or 
larger than the specific resistance of a liquid crystal (for example, the specific resistance of a TFTdrive liquid crystal is 
about 10 ohms/cm or more). Preferably, the specific resistance should be lO'** ohnns/cm or more. 

From the viewpoint of the AC characteristic, the capacitance (value determined by a dielectric constant, film thick- 
ness, and sectional area) of a resist must be about ten or less times larger than the capacitance of a liquid-crystal layer 

45 under the resist (with an impedance of about cne-tenth or more of the impedance of the liquid -crystal layer), so that the 
resist can exert the operation of minimizing elearic fields in the liquid-crystal layer under the resist. For example, the 
dielectric constant z of the resist is approximately 3 or about one-third of the dielectric constant z of the liquid crystal 
layer (approximately 10). The film thickness is approximately 0.1 micrometers or about 1/35 of the thickness of the liq- 
uid-crystal layer (for example, approximately 3.5 micrometers). In this case, the capacitance of the insulating film is 

50 approximately ten times larger than the capacitance of the liquid-crystal layer under the insulating film. In other words, 
the impedance of the resist (insulating film) is approximately one-tenth cf the impedance of the liquid-crystal layer under 
the resist. Thus, the resist can affect the distribution of electric fields in the liquid-crystal layer. 

In addition to an effect exerted by the shape of the inclined surfaces created by the resist, the influence of the dis- 
tribution of electric fields can be utilized. This results in more stable and firm alignment. When a voltage is applied, liquid 

55 crystalline m.olecules are tilted. At this time, the strength of electric fields in a domain in which the orientation of a liquid 
crystal is divided (on a resist) is sufficiently low. In the domain, liquid crystalline molecules aligned nearly vertically exist 
stably and work as a banier (partition) against domains generated on both sides of the domain. When a higher voltage 
is applied, the liquid crystalline molecules in the orientation-divided domain (on the resist) starts tilting. However, the 
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liqujd crystalline molecules m the domains generated on both sides of :he domain cn rhe resist tilt in a direaion nearly 
honzcniai :o the resist (this results m a very firm orientation). For estaolisnmg this state, the insulating layer (resist) of 
the cnematicnKiMded domatn must have a capacitance thai is approximately ten or less times larger than the one of 
the liquid -crystal layer under 'iia resist. A material exhibiting a small dielectric constant t should be adopted to realize 

5 the insulating layer, and the thickness of the layer must be large. This suggests an insulating layer having a dielectric 
constant c of approximately 3 and a thickness of 0. l micrometers or more. The employment of an insulating layer having 
a smaller dielectric constarrt c and a larger thickness -A-cuid exert a more preferable operation and affect. In the first to 
16th embodiments, a novolak resist having a dielectric constant u of approximately 3 is used to form protrusions of 1.5 
micrometers thick. Cbservaticn of orientation division has revealed that very stable alignment can be attained. The 

to novolak resist is widely adopted in the process of manufacturing a TFT or Cr. The adoption of the novolak resist would 
bring about a great merit (of cb/iating the necessity of additional facilities). 

Moreover, it is a3certained that the nc»/ciak resist is r.ighly reliable as compared with othei' rejists or a flattening 
material and has no pv'oblem. 

Moreover, wnen the insulating film is placed on both substrates, a m.ore preferable cperation and effect can be 

15 exerted. 

Asides from the novolak resist, an acrylic resist (t: ^ 3.2) was checked to see if it would prove effective as an insulat- 
ing film. The same results as those obtained by checking the novolak resist were obtained. For demonstrating that the 
i nfluence of electric fields is very important, an ITO.film was deposited.cn a resist and .the aligned state of liquid .cr^Si\_ 
talline molecules was obseo/ed. The results were not so good as those obtained when the insulating film was used. 
20 In the first to 16th embodiments, an electrode is slitted or protrusions of insulators are formed on an electrode in 
order to divide the orientation of a liquid crystal. Other forms can be adopted. Some of the forms will be presented 
below. 

Figs. 92A and 923 are diagram.s showing the structure of a panel of the 17th embodiment. Fig. 92A is an oblique 
view and Fig. 923 is a side view. As illustrated, in the 17th embodiment, protrusions 50 extercing parallel to one another 

25 unidirectionally are formed on glass substrates 16 and 17. and electrodes 12 and 13 are formed on the substrates. The 
protrusions 50 are arranged to be mutually offset by a half pitch. The electrodes 12 and 13 are therefore shaped to 
partly jut cut. The surfaces of the electrodes are processed for vertical alignment. Using the thus shaped electrodes, 
when a voltage is applied to the electrodes, electric fields are induced in a vertical direction. The orientation of a liquid 
crystal is divided into two directions with each protrusion as a border. The viewing angle characteristic of the panel is 

30 therefore improved as compared with a conventionally exhibited one. However, the distribution of electric fields 
becomes different from the one attained when the protrusions are made of an insulating material. Only the effect of the 
shape of the inclined surfaces of the protrusions is utilized in order to divide the orientation. The stability of alignment 
is slightly inferior to that attained when the protrusions are made of an insulating material. However, as described 
aba^e. the protrusions provided on the electrodes need to be made of insulating material wjth low dielectric constant. 

35 Therefore, the materials used to form the protrusions are limited. Further, various conditions must be satisfied to form 
the protrusions by using those materials. This causes a problem in the production process. Contrarily, the panel struc- 
ture of the I7tti embodiment does not have such limitation. 

Fig. 93 is a diagram showing the structure of a panel of the ISth embodiment. In this embodiment, insulating layers 
61 formed on the ITO electrodes 12 and 13 are provided with depressions 23. As the shape of the depressions, the 

<o shapes of protrusions or slits of electrodes presented in the second to ninth embodiments can be adopted. In this case, 
an effect exerted by oblique electric fields works like the effect exerted by the protrusions to stabilize alignment. 

Fig. 94 shows a panel structure of the nineteenth embodiment. In this embodiment, electrodes 12 and 13 are 
formed on glass substrates 1 6 and 1 7. respectively layers 62 each made of an electrically conductive material and hav- 
ing a depression (groove) 23A, 23B having a width of 10 ^m and a depth of 1 .5 um are formed on these electrodes 12 

45 and 1 3. and vertical alignment films 22 are formed on these layers 52. Incidentally, the thickness of a liquid crystal layer 
is 3.5 Jim, and a color filter layer 39. a bus line, a TFT. etc. are omitted from the drawing. It can be observed that the 
orientation of the liquid crystal is divided at the recess portions, in other words, it has been confirmed that the depres- 
sion, too. functions as the domain regulating means. 

In the panel structure of the nineteenth embodiment, the depressions 23A and 238 are disposed at the same pre- 

50 determined pitch of 40 ^m in the same way as in the case of the protrusions, and the upper and lower depressions 23A 
and 23B are so disposed as to deviate by a half pitch. Therefore, the regions in which the liquid crystal assumes the 
same orientation are defined between the adjacent upper and lower depressions. 

Fig. 95 shows the panel structure of the 20th embodiment. In this 20th embodiment, layers 52 having grooves 23A 
and 23 B having a wdth of 10 jim and a depth of 1 .5 ^m are formed on the glass substrates 16 and 1 7 by using a color 

55 filter (CF) resin, respectively, electrodes 12 and 13 are formed on these layers 62. and vertical alignment films are fur- 
ther formed on the electrodes 12 and 13. respectively In other words, a part of each electrode 12, 13 is recessed. The 
protrusions 23A and 238 are disposed at the same predetermined pitch of 40 ^m whereas the upper and lower depres- 
sions 23A and 238 are so disposed as to deviate from one another by a half pitch. In this case, too, the same result as 
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that oi the nineteenth emcocimert can be ctnameci. incicenraHy. since :he strucure having the depression is disposed 
beiow the eiectrode in this 2Cth -imdoaiment. limitanon to the mafena) is smail. and the maienal used far other portions 
such as the Cf resin can be used. 

In the case of the protrusion and the s(it, the oneaiaucn is divided in sucn a *ashJon that the liquid crystalline mol- 
5 ecules excand in the coposite direcion at these portions but in the case of the recesss, ihe onentation ts divided in such 
a fashion that the liquid crystalline molecules face one anciher at the depression poraon. In other words, the function 
of dividing the orientation by the recess has the opposite relation to that of the protrusion and the siit. Therefore, when 
the depression is used as the ccma'in regulating means in combination with the protrusion or the slit, the preferred 
arrangement becomes cppcsire to the arrangements cf the foregoing embociments. The explanation will be predeter- 
iG mineo next on the arrangement when the recess is used as the domain regulating means. 

rig. 96 shows an example of the preferred arrangements when ihe depr ession and the slit are used in combin-^tion. 
As shown in tho drawing, the slite 21 A and 21 3 ar»s dispcs3d at positics cccooing the depresbicns 23 A and 23B of the 
20th emccdiment shewn in Fig. 93. Since the direcion of the orientation division of the liquid crystal by the depressions: 
and the slits cpposing cne another is the same, the orientation is further stacilized. ror example, when the depression 
fS is formed under liic rendition of thfa 2Qth embodiment, the slit has a width cf : 5 u.r and the gap between the center of 
the depression and that oi the slit is 20 um. the switching jme is 25 ms under the driving condition of C to 5 V and 40 
ms under the driving condition cf 0 to 3 V. In contrast, when only the slit is used, the s-witcning time is SO ms and 80 rrs. 

respectively. , 

Fig. 97 shows the structure wherein the depression 20A and the slit 21 A cn one of the substrates (substrate 16 in 
20 this case) in the panel structure shown in Fig. 98, and the region having the same orientation directicn is formed 
bet/^een the adjacent depression 208 and the stit 21 8. 

Incidentally, the same characteristics can be obtained by disposing the protrusion at the same position in place of 
the stit in the panel siruaures shown in Figs. 96 and 97, and the response sceed can be further improved. 

Fig, 98 shows another panel structure wherein the depression 238 is formed in the electrode 13 of the substrate 
25 1 7 and the protrusions 20A and the slits 21 A are alternately formed at positions of the opposed substrate 16 at positions 
facing the depression 236. respectively. In this case, the direction of the orientation becomes different between the set 
of the adjacent depression 238 and protrusion 20A and the set of the adjacent depression 238 and slit 21 A and con- 
sequently, the boundary of the orientation regions is formed in the prcxinriity of the center of the depression. 

Figs. SSA and 393 are diagrams showing the structure of a panel of the 21th embodiment. As illustrated, the panel 
30 of the 2 Uh embodiment is a simple matrix LCD. The surface of each electrode is dented. The orientation of a liquid ays- 
tal is divided with each depression as a border. However, like the tenth em.codiment. an effect of oblique electric fields 
is not exened. The stability of alignment is little poor. 

As described above, the alignment dividing operation of depressions (grooves) is reversed to those of protrusions 
and slits. By using this relation, a ratio of domain areas can be constant regardless of assembly errors. Now. the infiu- 
35 ence of assembly errors in the panel of the first embodiment will be described. 

Figs. 100 A and 100B are seaional views of a panel in the first em.bociment. As described already, a region where 
the orientation is regulated is defined by the protrusion 20 A formed on the common electrode 1 2 and the protrusion 208 ' 
formed on the cell electrode 13. In Fig. lOOA, the region defined by the right inclined side surface of the protrusion 208 
and the left inclined side surface of the protrusion 20A is designated as a region A, and the region defined by the left 
40 inclined side surface of the protrusion 208 and the rigfit inclined side surface of the protrusion 20A is designated as a 
region B. 

Assume that the CF substrate 16 is displaced leftward of the TFT substrate 17 due to an assembly error, as shown 
in (2) Fig. 1 COB. The region A is reduced, while the region 3 increases. Therefore, the ratio between region A and region 
B is not already 1 to 1. The resulting ^coportion of liquid crystalline molecules divided in orientation is not equal, thereby 

45 deteriorating the viewing angle characteristic. 

rigs. 101 A and 1018 are sectional views of a panel according to a 22th embodiment In the 22th embodiment, as 
shown in Fig. lOi A. a depression 22B and a protrusion 208 are formed in the TFT substrate 17, followed by forming a 
depression 20A and a protrusion 22A on the CF substrate 16. This process is repeated. As shown in Fig. 1018. assum- 
ing that the CF substrate is displaced with respect to the TFT substrate 1 7 at the time of assembly, the region A* defined 

so by the protrusions 206 and 20 A is reduced. Since the region A" defined by the depressions 228 and 22A is increased 
by the same amount as the region A' is reduced, however, the region A remains unchanged. The region B. which is 
defined by the protrusion 20B. the depression 22B. the protrusion 20A and the depression 22A, remains unchanged 
since the interval between them remains unchanged. Consequently, the ratio between the regions A and B remains the 
same, and the superior viewing angle characteristic is maintained. 

55 Fig. 102 is a sectional view of a panel according to a 23th embodiment. In the 23th embodiment, as shown, the CF 
substrate 16 is formed with the protrusions 22A and the depressions 20 A alternately with each other. This process is 
repeated. The region A is defined by the left inclined side surface of the protrusion 20A and the right indined side sur- 
face of the depression 22A. while the region 6 is defined by the right inclined side surface of the protrusion 20A and the 
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left inclined side surface c< the depression 22A. in view cf the fact that the orientation region is defined only by the pro- 
trusions and depressions termed on one of the auDstraies. the assemniy accuracy is not affected. 

The foregoing ambodimenis are cireaed :c cctam a great viewing angle m all airecions. Depending on the appli- 
cation of the liquid crystal panel, hcwever. there are the cases where the viewing angle need not be great, and a great 
5 viewing angle needs be obtained in only a specrfic direction. The LCO suitaJDie for such an application can be accom- 
plished by using the orientation dividing technology by the domain regulating means described above. Next, several 
embodiments to which the technology of the present invention is applied for the LCDs for such specific applications will 
be explained. 

Figs. 103A and 103B show the panel strucure of the 24th embccimenc. rig. 103A is a top view and rig. 1038 is a 
10 sectional view taken along a line Y • Y' of Pip. ' 036. Unear protrusions 20A and 20 B are disposed in the same pitch on 
substrates 16* and 17. respectively, as shc>f.'n *c\ the drawing, and these protrusions 20A and 20B are so situated as to 
deviate a littie from the respective cpy'-os-ng ccsitions. !n other words, the legion 3 's extremely narrowed ir: the struc- 
iure shown in Fig. 102 so that the regions are cxcupied almost fully by -^^ r^icr, A. 

The panel of the twenty-fourth emncdimen: is used for a protrusion type LCD. tor example. The viewing angle per- 
f5 foi.T.nnce cf the protrusion type LCO may be nar.cw. uir. ? high response speed, a high contrast and hign iL;minance 
are required for the protrusion type LCD. Since tse orientation direction cf the panel of the 24th embodim.ent is substan- 
tially in one direction (mono-domain), the viewing angle performance is the same as those of the conventional VA sys- 

tern. and cannot, be. said. as excellent,. Nonetheless, since the protrusions. 20A and 208 are disposed, the response . 

speed is improved markedly in comparison with the conventional system, in the same way as the LCDs of the foregoing 
20 embodiments. As to contrast, the contrast of this panel is substantially equal to other VA system and is therefore supe- 
rior to that of the conventional TN mode and IPS mode. As has been explained already with reference to Fig. 27, the 
orientation gets distorted and leaking light transmits through the portions of the protrusions 20A and 208. To improve 
contrast, therefore, the portions of these protrusions 20A and 208 are preferably shaded. As to luminance, on the other 
hand, the aperture ratio of the pixel electrode '3 is preferably increased. Therefore, the protrusions 20 A and 20B are 
25 disposed at the edge of the pixel electrode 1 3 as shown in Figs. 103 A and 103B. This arrangement can increase lumi- 
nance without lowering the aperture ratio. 

From the aspect of the response speed, the gap between the protrusions 20A and 208 is preferably decreased but 
to attain this object, the protrusions 20A and 20B must be disposed around the pixel electrode 13, When the protrusions 
20A and 208 are disposed around the pixel electrode 13. these portions must be shaded, so that the aperture ratio . 
30 drops as much. As described above, the response speed, the contrast and luminance have the trade-off relationship, 
and they must be set appropriately depending on the object of use. and so forth. 

Fig. 104 shows a structure for achieving an LCO pane! having excellent viewing angle perfbrmanca in three direc- 
tions by utilizing the technology of terming the mono-domain according to the 24th embodiment. In this structure, the 
protrusions 20A and 208 are disposed in such a fashion as to define two regions of the transverse direction in the same 
35 proportion and one region of the longitudinal orientation inside one pixel. The two regions of the transverse orientation 
in the same proportion are formed by so. disposing the protrusions 20 A and 206 as to deviate from one another by a 
half pitch as shown in Figs. 100A and 100B. while one region of the longitudinal orientation is formed by disposing the 
protrusions 20 A and 20B adjacent to one another as shown in Figs. 103 A and 1036. This structure can accomplish a 
panel which has excellent viewing angle performance on the right and left sides and on the lower side but has lower 
^ viewing angle performance on the upper side. 

The LCD such as of the 24th embodiment is used for a display which is installed at a high position so that a large 
number of people look it up from below, such as a display device disposed above a door of a train. 

As shown in Fig. 35C, the LCD of the VA system which does not exectjte the orientation division and the LCD of 
the VA system which execute the orientation division by the protrusions or the like, the response speed from black to 
45 white and vice versa is superior to that of the TN mode, but the response speed between the intermediate gray-scale 
is not practically sufficient. The twenty-fifth embodiment solves this problem. 

Figs, 105A and 1058 show the panel structure in the 25th embodiment. Fig. 105 A shows the shape of the protru- 
sion when viewed from the panel surface and Fig. 105B is a sectional view. As shown in these drawings, the position of 
the protrusion 206 is charged inside one pixel so as to define a portion having a different gap with the protrusion 20 A. 
so In consequence, the proportion of the domain oriented in two directions can be made equal and the viewing angle per- 
formance is symmetric. When the structure shown in the drawings is employed, the response speed between the inter- 
mediate gray-scale can be apparently improved. This principle will be explained with reference to Figs. 106 to 1098. 

Fig. 106 shows the structure of the panel manufactured for measuring the changes of the response speed and the 
transmittance depending on the gap of the protrusions. The protrusions 20 A and 206 have a height of 1.5 \im and a 
55 width of 1 0 urn. and the thickness of the liquid crystal layer is 3,5 ^m. The response speed and the transmittance of the 
region of the gap di and the region of the gap d2 are measured by setting one of the gaps dl of the protrusions to 10 
^im. changing the other gap d2 and changing also the voltage to be applied across the electrodes between OV and 3 V 
corresponding to the intermediate gray- scale. 
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Fig. 107 is a Qfapn showing the result of the resoortse speed measured *n the way aesaibeO above. This graon 
correspcnds to the one obtained by ex tracing the obiect Qcrtton shown m Figs. 20 A and 20 B. As can be seen clearly 
from the grapn. the response time drops as the gap d2 becomes smaller. 

Fig. 108A shows ihe cnange of the transmittance when :he applfed voltage Is changed, by using the gap d2 as a 
5 parameter. Fig. 1Q8B shows the change of the transmittance when (he voltage is changed Irom OV to 3V by using the 
gap d2 as a parameter. It can be seen from Figs. ICSA and 1088 thai the response speed of the intermediate gradation 
can be drastically improved by decreasing the gap d2 of the protrusions. However, the maximum transmittance crops 
when the gap d2 of the protrusions is decreased. 

Fig. 109A is a graph showing the normalized time change of the transmittance at each gap d2. and Fig. 1098 
JO explains the orientattcn change of the liquid crystal. Assuming that the time before the transmittance reaches 90% of 
the maximum trsrjsn-jittance is an ON response dme the ON response time when d2 is 10 ixm is Ton 1. the ON 
response litne ^her : d2 is 20 um is Ten 2 and the ON res-pcnse time when d2 is cIO :im is Ton 3. Uiey have a reiatidiship 
of Ton 1 < Ten 2 < Ten 3. 

The reason why :;L;ch a difference occurs is because only the liquid crystals in the proximity of the protrusion are 
IS oriented perpendicular)/ to the ^icce of the protrusion and the liquio crystals away from the protrusion are oriented per- 
pendicularly to the elearode when the '/oitage is not applied, as shewn in Fig. 109B. When the voltage is acplied. the 
liquid crystal is inclined, and the liquid crystal can take the tilt angle of up to 360 degrees with resoect to the axis per- 
pendicular to the electrode. The liquid. crystal Jnjhe_£rgxijrnit^ of t^ 

applied, and the liquid crystal between the protrusions is oriented in such a fashion as to extend along the former liquid 

20 crystal as the trigger. In this way is formed the domain in which the ((quid crystals are oriented in the same direction. 
Consequently, the closer to the liquid crystal to the protrusion, the more quicWy it is oriented. 

As described above, the response time between black and white is sufficiently short in the existing VA system LCDs 
and it is the response time between the intermediate gray-scate that becomes the problem. In the case of the structure 
shown in Figs. 105A and 105B, the transmittance in the regions having a narrow gap'd2" changes within a short time 

25 whereas the transmittance in the regions having a broad gap d2* changes gradually. The regions of the gap 62" are nar- 
rower than the regions of the gap d2' and have a smaller contribution to the transmittance. but because the human eyes 
have logarithmic charaa eristics, the human eyes catch the change as a relatively large change when the transmittance 
in the regions of the small gap d2" changes a little. Therefore, if the transmittance of the regions having a small gap d2" 
changes within a short time, this change is caught as the drastic change as a whole. 

30 As described above, the pane! according to the 25th embodiment can apparently improve the response speed 
between the intermediate gray-scale without lowering the transmittance. 

rig. 1 10 shows the panel structure of the 26th embodiment. As shown in the drawing, the protrusions 20A and 208 
are disposed in an equal pitch on the substrates 1 6 and 1 7 and the electrodes 12 and 13 are formed on the protrusions, 
respectively, in this 26lh embodiment. However, the electrodes are not formed on one of the slopes of the protrusions 

35 20A and 208. and a vertical alignment film is further formed. The protrusions 20A and 208 are arranged in such a fash- 
Ion that the slopes on which the electrode is formed and the slopes on which the electrode is not formed are adjacent 
to one another, in the region between the slopes on which the electrodes are not formed, the liquid crystals are oriented 
perpendicularly to the slopes, and the orientation direction is decided consequently. The electric field in the liquid crystal 
layer is represented by broken lines in the drawing. Since the liquid crystals are oriented along this electric field, the ori- 

40 ontation direction due to the electric field in the proximity of the slopes, on which the electrodes are not formed, coin- 
cides with the orientation directio'n due to the slopes. 

In the region between the slopes on which the electrode is formed, on the other hand, the liquid crystal in the prn::- 
imity of the slopes is oriented perpendicularly to the slopes, but the orientation direction of the electric field in this region 
is different from the orientation direction due to the slopes. Therefore, the liquid crystal in this region is oriented along 

45 the electric field with the exception of the portions near the slopes when the voltage is applied. Consequently, the ori- 
entation direaions in the two regions become equal to each other, and the mono-domain orientation can be obtained. 

Fig. 1 1 1 shows the viewing angle performance with respect to contrast when a phase difference film having nega- 
tive dielectric constant anisotropy and having the same retardation as that of the liquid aystal panel is superposed with 
the panel of the 26th embodiment. A high contrast can be obtained over a broad range of viewing angles. Incidentally. 

50 when this panel is assembled into the protrusion type projector, the contrast ratio is at least 300. Incidentally, the con- 
trast ratio obtained when the ordinary TN mode LCD is assembled into the protrusion type projector is about 100. and 
it can be appreciated that the contrast ratio can be drastically improved. 

In the case where a liquid crystal display device having a configuration with a protrusion pattern is driven as in the 
first embodiment the display quality is seen to deteriorate in the neighborhood of the bus line (gate bus line or data bus 

55 line) in the pixel. This is due to the undesirable minute region (domain) formed in the neighborhood of the bus line and 
the resulting disturbance of liquid crystal orientation and reduced response rate. The problem thus is posed of a 
reduced viewing angle characteristic and a reduced color characteristic in half tone. This problem is solved In a 27th 
embodiment. 
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Fig. 112 is a diagram showing an exarrcie pattern tor repeating the linear prctrustcns according :o the embodi- 
ments as set above. The protrusicn pattern descr:bed above nas a plurality of protrusions of a predetermined width and 
a predetermined height receated at predetermined pitches, in Fig. \\2. therefore, the v^idlh I arxJ the irrter/al m 
assume of the protrusion assume the predetermined values cf 1 1 and ml . respecively. In the shown example, the width 
of the protrusion formed on one substrate is cifferent from that of the protrusion (orm.ed on the other substrate. The pro- 
trusions formed on a sucstrate. however, have a predetermined wicth l . This is also l^^e case with the protrusion height 
h. 

Fjg. 113 is a diagram showing the wavelength dispersjcn characterisiic of the optical anisotropy of the liquid crystal 
used. As sncwn. it is seen that the shcaer the wavelength, the larger the retardation ^n. Thus, the retarcation An 
increases in the order of blue (B) pixel, green (G) pixel and red (R) pixel, and cifferent colors have different retardation 
An while passing through the liquid -crystal layer This difference is desirably as smalt as possible. 

Fig. 1 1 'I Is a diagran^ showing a protrusion pattern according to a 27th embodiment of the invtintit-n. In the 27th 
em.bodiment. the blue (B) pixel 13B, the green (G) pixel "I3G and the red (R) pixel 13R each have the ^me protrusion 
width I but different protrusion intervals m. Specrfically. the B pixel 138 has ml. the G pixel 13G m2 and the R pixel 13R 
m2 in such a relation ihar ml > ir:< > m3. 

Tlia sm.^'.ler the protrusion inten/al m, the larger the effea that the elecric field vector has on the liquid crystalline 
molecules, thus making it more possible ;c alleviate the problem cf the electric field vecof at the time cf drive. Fig. ^^5 
-is a diagram, showing the. relation between the aoplied voltage and the transmittance as measured while changing the 
protrusion interval. It is seen that the larger the interval m. the larger the numerical apenure. and hence the transm^rt- 
tance is improved. The wavelength dispersion characteristic of the optical anisotropy of the liquid crystal is as shown in 
Fig. 11 3. By changing the protrusion interval m for each color pixel as shown In Fig. 174. the difference of the retarda- 
tion for a particular color can be reduced An while passing through the liquid crystal layer tor an improved color charac- 
teristic. 

Fig. 115 is a diagram showing a protrusion pattern according to a 28th embodiment of the invention. In the seventh 
embodiment, the blue (S) pixel 138. the green (G) pixel 13G and the red (R) pixel 13R have the same protrusion interval 
m but different protrusion widths I. The effect is the same as that of the 27th embodiment. 

Fig. 1 17 is a diagram shewing a protrusion pattern according to an 29th embodiment of the invention. In the 29th 
embodiment, the protrusion interval m in each pixel is set to a small value ml in the upper and lower regions near to 
the gate bus line and a large value m2 at the central region, in the neighborhood of a bus line such as the gate bus line 
or the data bus line, a domain may occur at the time of driving and the liquid crystalline nxjlecules fall into a state not 
suitable for display due to the electrical field vector, thereby deteriorating the display quality. According to the eighth 
embodiment, the protrusion interval is narrowed in the region near to the gate bus line thereby to make it difficult for the 
gate bus line to be affected by the electrical vector. As a result, the generation of an undesirable domain is suppressed 
for an improved display quality. However, a narrower protrusion interval reduces the numerical apenure accordingly and 
darkens the display. From the viewpoint of numerical aperture, therefore, a larger protrusion inten/al is recommended. 
The protrusion pattern according to the eighth embodiment can minimize the reduaion in numerical aperture and 
reduce the effect of the electrical field vector generated by the gate bus line. 

Fig. 1 18 is a diagram showing the pixel structure in the case where the protrusion pattern according to the 29th 
embodiment shown in Fig. 1 17 is actually realized. 

Fig. 1 1 9 is a diagram showing a protrusion arrangement according to a 3Gih em.oociment. As sncwn in ;"ig. » \ 9. in 
the 30th cmi3odiment. the protrusion height is changed gradually. 

Fig. 120 is a diagram shewing the change that the relation between the applied voltage and the Iransminance 
undergoes when the protrusion height is changed. Fig. 121 the change that the relation between the applied voltage 
and the contrast undergoes when the protrusion height is changed. Fig. 122 the change of the transmittance in white 
level with respect to the protrusion height, and Fig. 123 the change of the transmittance in black level with respect to 
the protrusion height. These diagrams show the result of measuring the transmittance and the contrast in test equip- 
ment with the width and inten/al of the resist for forming the protrusion set to 7.5 pm and 15 jim. respectively, the cell 
thickness to about 3.5 pm. and the resist height to 1.537 nm. 1.500 nm. 2.3099 nm and 2.486 nm. 

This measurement shows that the transmittance of white level (with 5 V applied) increases with the resist height. 
This is considered due to the fact that the protrusion playing an auxiliary role in tilting the liquid crystal is so large that 
the liquid crystal is positively fallen. The transmittance (leakage light) in black level (without any applied voltage) also 
increases with the protrusion height. This is not desirable as it works to deteriorate the black level. The contrast (ratio 
between white luminance and black luminance) decreases with the protrusion height, it is therefore desirable to use a 
masking material for the protrusion and not to increase the protrusion height excessively. 

Any way. the orientation of the crystal liquid can be changed by changing the protrusion height, and therefore a 
superior display is made possible by changing the protrusion height for each color pixel and thus adjusting the color 
characteristic, or by setting the protrusion height appropriately in accordance with the distance from the bus line. For 
the R pixel, for example, the protrusion height is increased, and deaeased for the G pixel and the B pixel in that order. 



35 
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Of m eacn pixel, (he protrusion hetght is increased m the netghborhcoa of the bus line and lowered at the central portion. 

The inventor has confirmed that the screen display can be accomplished without any prcdiem even when the pro- 
trusion height is increased to the same level as the cell thickness. As a result, the protrusion height is set to the same 
level as the cetl thickness as shown in Fig. t24A. or protrusions are formed at the opposed positions en the two sub- 

5 strates as shown in Fig. 124B so that the sum of the heights of the p^o protrusions is the same as the cell thickness. !n 
this way. the protrusion can play the role of a panel spacer. 

Figs. 125A and 125B are diagrams showing a protrusion pattern according to a 3ith em.lxxtiment. In this embodi- 
ment, as shown in Fig. i25A. the inclination of the side surfaces of the protrusion is defined by the angle e that the side 
surface forms with the substrate (electrode). This angle is called the taper angle. Acccrcing to the tenth embodiment. 

10 assume that the taper angle 0 of the protrusion 20 can take several values as shown in Rg. 1258. Generally, the larger 
the tacer angle 9; the mere satisfactory the orieniaiion into which the tiquid crystalline molecules fall. By changing the 
*aper angle 0. ther efcre. the crierrtation of the liquid crystal can be changec. Thus, a superior display can be made pos- 
sible oy changing the taper angle for f-ach color pixel to adjust the color characteristic or by setting a proper taper angle 
8 in accordance with the distance from the bus line. For example, the taper angle d is set large for the R pixel, and 

IS decreas3d for the G pixtl 3nd the 3 pixel in that order. Also, the taper angle t) is Increasad ii; the neighborhood ot the 
bus line and decreased at the central portion in a pixel. 

As described above with reference to the sixth to tenth embodiments, the orientation reguiation force of the protru- 

siot3-is-Changed-by.xhanging the-protrusionJntefval,.prQtfusion. widths protrusion heightoc taper. angle. lt.is.thefefore_. 

possible that these conditions are differentiated within a pixel or with different color pixels to partially differentiate the 

20 orientation regulation force of protrusions and thus to assure the viewing angle characteristic or response rate of the 
liquid crystal as near to the ideal ones as possible. 

Retardation of the liquid crystaJ depends on the wavelength as shewn in Fig. 1 13. Therefore, an embodiment of the 
liquid crystal panel which improves luminance of white display on the basis of this feature and accomplishes a high 
response speed for ail the color pixels will be explained. 

25 First, wavelength dependence of the VA system will be explained briefly. Fig. 125 shows the change of a twist angle 
of a liquid crystal layer due to the application of a voltage when a vertical orientation (VA) system liquid crystaJ display 
panel using a liquid crystal having negative dielectric anisotropy (n type liquid crystal) is provided with the twist angle. 
When no voltage is applied, the liquid crystal is oriented in a direction of 90 degrees on the surface of one of the sub- 
strates and in a direction of 0 degree on the surface of the other substrate, so that the twist of 90 degrees is attained. 

30 When the voltage is applied under this state, only the liquid crystalline molecules in the proximity of the surface of the 
substrate undergo twisting in such a manner as to follow the anchoring energy of the substrate surface, but twisting 
hardly occurs in ether layers. Therefore, the mode does not substantially change to the rotatory polarization mode (TN 
mode) but to the birefringence mode. Fig. 127 shows the change of relative luminance (transmittance) to the change of 
the retardation And (d; pm) in both the TN mode and the birefrigence mode. As shown in the graph, the birefringence 
• *35 mode 'exhibits sharper transmittanCe characteristics to And of the liquid crystal than the TN mode. As described above, 
the vertical orientation liquid crystal using the n type liquid crystal executes black display when no voltage is applied and 
white display when the voltage is applied, by using the polarizer plate as the cross-Nicol. 

Fig. 128 shows the change of the transmittance to the change of And at each wavelength (R: 670 nm. G: 550 nm. 
B: 450 nm). It can be appreciated from this graph that when the thickness of the liquid crystal layer is set to And at which 

'/o luminance in white display attains the maximum, that is. to And at which the transmittance attains the maximum at the 
wavelength of 550 nm. the transmittance at 450 nm becomes excessively low. Therefore, the thickness of the liquid 
crystal layer is set to a value smaller than ihe thickness deiermined from maximum luminance so as to restrict coloring 
in white display Therefore, luminance in white display is lower than that of tne TN mode, and in order to obtain white 
luminance equivalent to that of the liquid crystal display panel of the TN mode, back-light luminance must be increased. 

45 To increase this back-light luminance, however, power consumption of illumination must be increased, and the range of 
application of the panel is limited. When the thickness of the liquid crystal layer is increased by laying stress on white 
luminance, the transmittance becomes excessively low at 450 nm in comparison with the TN mode, and the panel is 
colored yellow in white display 

To enlarge the viewing angle range, on the other hand, it has been customary to add a phase difference film, but 

50 when the thickness of the liquid crystal layer becomes great, the color change in the direction of the critical angle (trans- 
verse direaion) becomes so great that even if the retardation value of the phase difference film is the same, the color 
difference becomes greater. 

In the 32th emijodiment. the thickness of the liquid crystal layer of each color pixel is individually set so that the 
transmittance becomes maximal when the driving voltage is applied. However, when the thickness of the liquid crystal 
55 layer is different, a difference occurs in the response speed and the color tone cannot be displayed correctly when the 
operation display is carried out. Therefore, when the thickness of the liquid aystal layer is set to a different value for 
each color pixel, means for making uniform the response speed of the liquid crystal becomes necessary. 

Fig. 129 shows the change of the liquid crystal response speed to the gap of the protrusions or the slits when And 
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oi the iiQuid crystal layer is ^ei 3c that the ma;^!mum transmmance can be obtained at the three kinds of wavelengths 
descrbed above. The liquid crystal response speed becomes lower as the thickness oi the liquid crystal layer becomes 
greater. !n the VA system LCO canel which ccmrols the orientation by using the protrusion, the iiquid crystal resconse 
speed changes with the CieJecnc constant c: the protrusion, the shape of the protrusion, the protrusion gap. and so 
5 forth. Hcw^er. wnen the cieiectric constant, the shape of the protrusion and its height are constant, the response 
speed becomes i^igher when the gap of the prctrusicns >s narrower. It can be appreciated that to obtain the liquid crystal 
response speed oi 25 ms. for axarr.ple, in Fig. :20, the gap of the pfotrusicr.s or the slits must be set to 20 jim for the 
R pixel. 25 \sm .tr the G pixel arc 30 ^im for the B pixel. 

Fig. 130 shews the change of the aperture ratio with respect to the protrusion or slit gap. When the gap of the pro- 
10 trusions or the slits is set to 20 um for the R pixel. C5 |jm for the G pixel and 30 jim for the B pixel from Fig. 129 the 
transmittanceis 30%. 33.3% and S5.7%. respectively, and the differences occur in th*» transmittance. 

;n view o^ this point the 32rd embodimofTi i.icividually sets the .nickness of I'r.e iiquin crystal layer of each color pixel 
so that the transmittance attains the maximum when the driving voltage is applied, the response speed in eacli color 
pixel is rendered coincident by regulating '^e gap of ihe protrusions, and the area of each cclor pixel is changed so that 
15 • the transmittance becomes cctrcident. 

Fig. 131 shows the panei structure cf the 32nd embodiment. As shown in this drawing, a structure 71 not having 
the B pixel portion cut having the G pixel portion having a thickness cf 0.55 um and the 3 pixel porticn having a thick- 
ness of 1 .05 am is provided to both substrates '6 and 1 7. The optimum condition is calculated for this jhjctaie^^ 
ulation for the VA s'/stem birefringence mode using the n r/pe liquid crystal. Further, the height of the protrusion 20A is 
20 set to 2. 'IS um for the R pixel. ' .9 um for the G pixel and 1.4 ^im for the B pixel. Further, the gap of the protrusions is set 
to 20 um for the R pixel. 25 um for the G pixel and 30 ^iW for the B pixel. The area ratio of the 8 pixel: G pixel:R pixel is 
set to 1:1.03:1.07. !n other 'Mrrcs. the pixel areas are so set as to satisfy the relation R pixel > G pixel > B pixel. 

The struaure 71 uses an acrylic resin, and after a resist is applied to a thickness of 1.4 .um for the B pixel, a pro- 
trusion having a width of 5 um is formed by photolfthcgraphy. After a vertical" alignment film is applied, a 3.6 jim spacer 
25 is sprayed to form a seal, and after bonding ard curing of the seal, the liquid crystal is charged. In this way, the thickness 
of the liquid crystal layer is 57 um for the R pixel. 4.6 ^m for the G pixel and 3.6 um for the 8 pixel. 

Fig. 132 shows the panel structure of a rrKxlification of the 32th embodiment, wherein a protrusion is formed on the 
CF substrate 16 and a slit 2i is formed on the pixel electrode 13 of the TFT substrate 1 7. In this modification, an acrylic 
resin structure 71 not having tie R pixel portion but having the G pixel portion having a thickness of 1 .1 ^m and the 3 
30 pixel portion having a thickness of 2. 1 um is provided to the CF substrate 1 6. After a resist is applied to a thickness of 
1 .4 ^m for the 3 pixel, a profusion having a width of 5 ^m is formed by photolithography. As a result, the height of the 
protrusion is 3.5 um for the R pixel. 2.5 um for the G pixel and 1.4 um for the 8 pixel. The gap between the protrusion 
20A and the slit is set to 20 urn for the R pixe<. 25 ^im for the G pixel and 30 jim for the B pixel. The area ratio of the B 
pixel:G pixel:R pixel is set to :: 1.03: 1.07. 
35 A biaxial phase difference film (retardation value: 320 nm) in match with nd of the liquid crystal layer of the G pixel 
is added to the panels of the 32th embodim.ent and to its modification produced in the manner described above, and 
the cclor difference is measured for each of the panel transmittance. the viewing angle and the critical angle direction 
(0 to 30 degrees). The results are shown in Fig. 249. By the way. the measurement results ot^tained by changing ihe 
thickness of the liquid crystal layer in prior art example are also shown in Fig. 249 as the reference values. 
^0 As can be appreciated from Fig. 2^9 the transmittance (luminance) in front can be increased by increasing tho 
thickness of the liquid crystal layer to improve the transmittance as represented by the prior art example 1 , but becauso 
the length of the optical path gets elongated in the direction of the critical angle, the transmittance of ihe square wr.vi!- 
length fluctuates greatly and tie color difference becomes great. In contrast, in the panels of the 32th embodiment and 
its modification, the gap of the protrustcns or the slits is narrowed for the R and G pixels so as to make uniform the 
45 response speed cf the liquid crystal, and the transmittance becomes lower than that of the prior art example 2 as the 
aperture ratio is lower. Nonetheless, because the thickness of each liquid crystal layer is set so that the transmittance 
attains the maximum when the driving current is applied (white display), the color difference in the direction of the crit- 
ical angle becomes small. 

The panels according to the 32th embodiment and its modrfication can brighten white luminance to the level equal 
so to the TN mode without causing coloration of the panels in the broad range of the viewing angles. Because the liquid 
crystal response speed is made uniform so as to correspond to the thickness of each liquid crystal layer, display can be 
obtained with high color recroducibility even when dynamic image display is made. 

Next, processes for forming protrusions wilt be described. 

When protrusions are formed on electrodes 12. 13 of a CF substrate 16 and a TFT substrate 17. the elect.»'odes of 
55 ITO film are formed, then, a resist is coated on the surfaces and is patterned with a photolithography This process is 
easily carried cut by using conventional techniques. 

' However, this process needs a step of creating the pattern of protrusions. If protrusions can be formed on the TFT 
substrate by utilizing the ccnventional process as it is. an increase In number of steps can be avoided. For forming insu- 
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tating protrustcns. it ts Ihougnt mat an insulating layer used m the conventional process :s Jurther patterned in order :o 
leave :he pattern of protrusions mtact. For creating conducting protrusions, a conducive layer used »n the conventional 
process is further patterned m crcer to leave the pattern of protrusions intact 

Fig. 133 IS a Ciagram shewing the structure of a TFT suOstrate in the 33th embodiment. The thirteenth 33th pro- 

5 vides a Structure in which an insufating layer usee fn the ccnventicnal process is utilised tor creating insulating protru- 
sions. In this structure, the ITO eiearodes 13 are :ormed first. An insulating layer is formed on the ITO elearodes and 
portions of the insulating iayer coincident with the iTO eiearodes 13 are removed. At this time, portions of the insulting 
layer ccincident with prctrusicns 53 are left intact. The gate electrodes 31 are then formed. An insulating layer is formed 
and portions of the insulating layer other than necessary portions are removed. At this time, if the protrusions are 

to required to have a certain thickness, portions cf the insulating layer ccincident with the protrusions 68 are left intact. 
Thereafter, dau bus lines and TFTs are formed in the sam^ manner as a conventional process. In the drawing, refer- 
ence numeral *i »ie»'Cte5; a drain (data Los line). 65 denotes a -hannei prcteme fiirr, o6 denotes a wiring layer used 
to separata device-.;, and 67 denotes an operating layer for traniistors. The iTO eiecrcdes 13 and sources are linked 
by holes 

ts ■ Figs. 134A and 13^8 aro dia^^rams showing examptes of a pattefr: of protrusions iTianufactured according to the 
process described in conjunaion with the 33th emdcdiment. Fig. 134A shows linear and parallel protrusions used to 
divide an orientation-divided domain into two regions, and Fig. 1348 shows zigzag protrusions used to divide an orien- 

tation^iivided domain into fourjegions. In the drawings, feference nurnerals SSjlenoto and 69 denotes 

a pixel. 

20 Fig. 135 is a diagram showing the structure of a panel of the 34th embodiment. The 34th embodiment provides a 
structure in which a conductive layer used in the conventional process is utilized for forming conducting protrusions. In 
this strucajre. first, a TFT light-interceptive metallic layer 70 for intercepting light from TFTs is formed, an insulating layer 
is formed on the metallic layer 70, and ITO electrodes are formed thereon. An insulating layer is formed further thereon, 
data bus Hiies and TFTs are then formed, and an insulating layer is formed further thereon. A layer of gate electrodes 

25 31 is then formed. The insulating layer is rem.oved except portions thereof coincident with the gate electrodes. At this 
time, portions of the insulating layer coificident with the protrusions 208 are left intact 

Figs. 136A and 1368 show examples of a pattern of protrusions manufactured as desaibed in conjunction with the 
34th embodiment. Fig. 136A shows linear and parallel protrusions used todivide-an orientation-divided donr.ain into t.vo 
regions, and Fig. 1368 shows zigzag protrusions used to divide an orientation-divided domain into four regions. In the 

20 drawings, reference numeral 208 denotes a protrusion. Reference numeral 35 denotes a CS electrode. The CS elec- 
trodes 35 are extending along the edges of pixel electrodes so as to work as tiack matrices, but are separated from the 
protrusions 208. This is because the CS electrodes 35 apply a certain voltage to the pixel electrodes (ITO electrodes) 
13, and that if the voltage were applied to the protrusions ZQB, alignment of liquid crystalline molecules would be 
adversely affeaed 

35 Figs. 137 A to 1370 show a process for manufacturing the TFT substrate of the panel of the 35th embodiment. As . 
shown in Fig. 137A. the gate electrode 31 is patterned on the glass substrate 17. Next, the SiNx layer 40. the amor- 
phous silicon (a-Si) layer 72 and the SiNx layer 65 are serially formed. Further, as shown in Ftg. 1378, the SiNx layer 
65 is etched to the a-Si layer 72 in such a fashion as to leave only the portion of the channel protecting film. The n" a- 
Si layer c:nd the Ti/Aini layer ccn-esponding to the data bus line, the source 4 1 and the drain 42 are formed, and etching 

■jc is then so made by patterning as to leave only the portions corresponding to the data bus line, the source 41 nnd tha 
•Jrain 42. After the SiNx layer ccnesponding to the final protecting film 43 is formed as shown in Fig. 1370. ?)tching is 
then made lo the surface of the glass substrate 1 7 in such a manner as to leave the portions ^-38 and 408 correspond- 
ing to the portion necessary for insulation and to the protrusions. At this time, the contact hole cf the source olectrcde 
41 and the pixel electrode is formed simultaneously too. Furiher. the ITO electrode layer is formed and patterned. 

45 thereby forming the pixel elecrode 13. Therefore, the height of the protrusion is the sum of the SiNx layer 40 and the 
final protecting film 43. 

Fig. 138 shows the structure of a modification of the panel of the 35th embodiment, and when the SiNx layer cor- 
responding to the final protecting film 43 is etched, etching is made up to the upper surface of the SiNx layer 40. There- 
fore, the height of the protrusion is the thickness of the final protecting film 43. 

5c Figs, 139A to 139E show a process for manufacturing the TFT substrate of the panel of the 36th embodiment. As 
shown in F.g. 139A. the gate electrode 31 is patterned on the glass substrate 17. Next, tha ITO electrode layer is formed 
and patterned to form the pixel electrode 13. The SiNx layer 40, the amorphous silicon (a-Si) layer 72 and the SiNx 65 
are serially formed as shown in ng. 1398. Further, the SiNx layer 55 is etched up to the a-Si layer 72 in such a fashion 
as to leave only the portion of the channel protecting film. The n* a-Si layer is further formed. As shown in Fig. 139C. 

55 etching is then made up to the surtace of the pixel electrode 13 in such a fashion as to leave the necessary portions 
and the portion 406 corresponding to the protrusion. The Ti/AIAl layer corresporxiing to the data bus tine, the source 
41 and the drain 42 is formed as shown in Fig. 1390, and is then patterned in such a fashion as to leave only the por- 
tions corresponding to the data bus line, the source 41 and the drain 42. The n* a-Si layer and the a-Si 72 are etched 
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by usjng the data tus )ine. the source -it and the dram *i2 as !he mask. Afier the SiNx layer corresponding to the final 
protecting film is tormed as shown in Ftg. 139E. etching is made up to the sunace of the pixel eiectrode 13 .n such 
a fashion as to leave the portion necessary tor insulation and the portions 438 ano -iOB corresponding :o :he protru- 
sions. 

5 The explanation pfedetermined above explains the emcodiments relating to the manufacture of the protrusion 2QB 

on the side of me TFT substrate 1 7. but there are various modifications depending on the structure cf the TFT substrate 
17. and the like. In any case, the produaicn cost can be reduced by manufacturtng the protrusion by conjointiy using 
the manufacturing process of other portions cf the TFT substrate 1 7. 

As has been explained already, the protrusion of the dielec/ic material disposed on the electrode has the acvan- 
10 tage that stable orientation can be obtained because the direction of regulation of the orientation by the slope coincd^is 
with the direction of ••egulati'^n o' the orientation by the electric field at the prcirusicn portion. However. \he protrusion 
is the dieiearic matatUl disposal on the electrode and rhe alignment film is formed on the proirusion. For ihis reason, 
the inside of the liquid crystal ce'l becomes asymmetric between a pair of elecrodes. and the charge is likely to stay 
with the application of the voltage. !n consequence, the residual OC voltage becom.es high, and the problem of so-called 
15 't>u:r: occurs if the area cf the projecic.-^ is relatively Jaige. 

Fins. HOA an:* 1403 show the relationship between the thickness of the dielectric material on the electrode and 
the residual OC voltage. Fig. 140 A is a graph snowing this relationship and rig. 1 406 shows the portion corresponding 
to the thickness d of the dieiearic material and_th.e.pQsition of .the.occufrence of ;burril.7>i.6 yertical.alignment film 22. 
too, is the dielectric material, and the sum of the height of the protrusion and the vertical alignment film 22 corresponds 
20 to the thickness d of the dielectric material as shown in Fig. KOB. The residual OC voltage increases with the inaease 
of d as shown in Fig. 140A. Therefore, burn is likely to occur at the portion of the protrusion 20 shown in Fig. 1 408. This 
also holds true of the case where the dieiearic depression is formed on the electrode as in the eighteenth embodiment 
shown in Fig. 93. The 37th embodiment to be explained next is directed to prevent the occun-ence of such a problem. 
Figs. 141 A and 1418 show the structure of the protrusion in the 37th embodiment. Fig. 141 A is a perspective view 
25 of the protrusion 20 and Fig. 1418 is a sectional view. As shown in these drawings, the protrusion 20 has a width of 7 
^m. the width of its upper surface is about 5 p/n and its height is about 1 to 1.5 nm. A large number of line pores are 
formed on this upper surlaca. and each fine pore has a diameter of not greater than 2 jim. 

Figs. 1 42A to 1 42E are drawings showing a method of forming the protrusion (on the side of the CF substrate) hav- 
ing such fine pores. As shown in Fig. 142A, the glass substrate having the opposed electrode 12 of the ITO film formed 
30 thereon is washed. A photosensitive resin (resist) is applied and is then baked to form a resist layer 351 as shown in 
Fig. 142B. A mask pattern 352 permitting light to transmit through the portions other than the protrusion and the pore 
portions is brought into ciose contact with the resist layer 351 and then exposure is effected. The protrusion 20 shown 
in Fig, 1 420 is obtained by then carrying out development. When oaking is made further, the protrusion 20 undergoes 
shrinkage, and the side surlace changes to the slope as shown in Fig. 142E. 
35 When the substrate having the fine pores formed in the protrusion described above and the substrate not having 
the pores are assembled and the residual DC voltage is measured by a flicker erasure method (OC: 3 V, AC: 2.5 V, tem- 
perature: 50 C. OC application time: 10 minutes), the residual DC voltage is 0.09 V when the fine pores are formed and 
is 0.25 V when they are not formed. Because the residual OC voltage is reduced in this manner, seizure becomes moro 
difficult to occur. 

'SO The liquid crystalline molecul(»s are oriented perpendicularly to the slopes of the protrusions, etc, and to the oleclrii 
field. It has been found out. however, -vhen the qap of the protrusions becomes smaller to the size approximate to ;.'iy 
fine pores, 'he liquid crystalline molecules are not oriented to the slope of the fine portions. Therefore, the liquid ir'-.' 
talline molecules are affected at the upper surface portion of the protrusions by the influences of the orientation due io 
the slopes on both sides and are oriented along this orientation. 

45 Fig. 143 shows the protrusion structure of the 38th embodiment. In the 38th embodiment, a groove having a width 
of 3 um and a small thickness is disposed below the protrusion 20B having a width of 7.5 >im on the TFT substrate side. 
Further, a chromic shading layer 34 is disposed below the protrusion 20 B. Such a protrusion 20B can be manufactured 
by the same method as that of the 37th embodiment. When the residual OC voltage is measured for the protrusion 
structure of the 38th embodiment, it is 0.10V. and the result substantially equal to that of the 37th embodiment can be 

50 obtained. 

In the protrusion structure of the 38th embodiment, the liquid crystalline molecules are not oriented at the groove 
portion in the direction perpendicular to the substrate when no voltage is applied, and the vertical orientation property 
gets deteriorated in some cases. However, because the shading film 34 is disposed, leaking light due to abnormal ori- 
entation at this portion is cut off and does not invite the drop of the contrast. 
55 Next, the shape of a section of a resist was examined. Normally, the resist has a section like the one shown in Ftg. 
1 44 A immediately after completion of patterning. However, in the mode of the present invention, a cylindrical section 
having a rather smooth slope contributes to more stable alignment. Substrates immediately after being patterned were 
baked at 200"C. whereby the sectional shape of the resist was changed into the one shown in Fig. 1448. Figs. 145A to 
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145E are diagrams showing a change tn secicnal snape of the resist deriving from a change in temperature at which 
the parrerned resist is baked. Even when the baKing temperature was raised to iSO'C or more, a further change in sec- 
tional shape was limited 

Taltang of the reasons wny the resjst was caked at 2C0'*C. aside from a reason that the sectional shape of the resist 

5 is intended to be changed, there is another important reason. That is to say. when the resist employed in the prototypes 
is baked normally {at 135*C for 40 mm.), it is meltea wmle reacting upon a solvent acplied to an alignment film. In this 
embodiment, the resist is baked at a high enough temperature before the alignment film is tormed. ana thus prevented 
from reacting upon the alignment film 

in the first embodiment, the resist is baked at 200*^0 in order to make the secional snape of the resist cylindrical. 

10 Data that has been described so far was acquired using the pattern of protrusions whose sectional shape is cylindrical. 
In the foregoing examples, the seaicnal shape of a resist is made cylindrical by optirriizfng the baking temperature. 
Dec ending on the line width cf a resist, the resist beccmes cyimdrical naturally. Figs. i^6A to 146C are diagrams show- 
ing the relationships between the line width or a resist and the seaional shape theri^f. When the line width is about 5 
micromet.3rs. the resist has a preferable cylindrical shape naturally. Presumably, therefore, when the line width is about 

/5 7 micrometers c less, a resist i iSving a naturally cylindrical sectional shape can be formed, in an existing display, the 
!ine width of 5 micrometers can actually be adopted. Depending on the performance of an exposure device, ever when 
the line width is in the unit cf sucmicrons. the same alignment can be thought to be attained in principle. 

— —When. a protrusion is. used as the domain regulating means, iuahermore. it becomes necessary to form a vertical. 

alignment film thereon. Figs. t47A and 1478 are sectional views of a conventionai panel using protrusion as a domain 

20 regulating means, and illustrates the protrusion. Referring to ng. 147A. on the substrates 16 and 17 are formed color 
filters and bus lines as well as ITO e/ectrodes 12 and 13, Protrusions 20A and 208 are formed thereon, and vertical 
alignment films 22 are formed on the ITO electrodes 12 and 13 that include the protrusions 20A and 208. 

When the protrusion is formed by using the positive•^/pe photoresist such as a TFT flattening agent HRC- 1 35 man- 
ufactured by JSR Co. the surface exhibits poor wettability to the vertical alignment film, expels the material of the verti- 

25 cat alignment film that is applied, and makes it difficult to form a vertical alignment film on the surface of the protrusion. 
Fig. 1478 shows this condition. Therefore, it causes a problem in that no vertical alignment film 22 is formed on the sur- 
faces of the protrusions 20A and 208. The protrusions 20 A and 208 having no vertical alignment film 22 formed on the 
surfaces thereof, do not help obtain a desired orientation. Therefore, light-leakage occurs from the protrusions to dete- 
riorate the quality of display. A 39th embodiment is to solve this problem. 

30 According to the 39th embodiment, the surface of the protrusion is treated so that the material of the vertical align- 
ment film easily adheres onto the surface of the protrusion. As the treatment for enabling the material of the vertical 
alignment film to easily adhere to the surface of the protrusion, it can be contrived to form fine ruggedness on the sur- 
face of the protrusion so that the material of the alignment film can be favorably applied thereto, or the wettability of the 
surface of the protrusion can be enhanced relative to the material of the vertical alignment film. When fine ruggedness 

35 is formed on the surface of the protrusion, the liquid of the alignment film stays in the concave portions, and the material 
of the alignment film is less expelled by the surface of the protrusion. The ruggedness can he formed by either a chem- 
ical treatment or a physical treatment. As the chemical treatment, ashing can be effectively employed. 

Figs. 148A to 148C are diagrams illustrating a method of forming protrusions according to a 3Sth embodiment 
based on the ashing treatment. Referring to Fig. 148A. a protrusion 20 is formed by using the photoresist on the elec- 

40 irodo 13 (which, in this case, is a pi:cel elearode 13 but may be an opposing electrode 12). The protrusion 20 has the 
3hape of. for example, a stripe of a width of 10 um and a height of 1.5 jam. The protrusion is annealed to assume :'io 
3hape of a dome in cross section. 'i"he surface of protrusion on the substrate is subjected to the ashing treatment usin j 
a conventional plasma asher. Through the plasma ashing, fine dents are formed on Ihe surface of the protrusion as 
shown in Fig. 1488. The thus obtained substrate is washed, dried, and onto which a vertical orientation member is 

45 applied by using a printer. Due to the effect of ruggedness formed on the protrusion, the orientation member is not 
expelled, and a vertical alignment film is formed on the whole surface of the protrusion as shown in Rg. 148C. There- 
after, the processing is executed in the same manner as that of the ordinary multi-domain VA system. The thus obtained 
liquid crystal display device exhibits favorable display properties without defect that stems from the expulsion of the 
alignment film. 

so Another example of the ashing treatment will be an ozone ashing treatment exhibiting the same effect as that of the 
plasma ashing treatment. 

As a physical method of forming ruggedness. the substrate is washed with a brush by using a substrate washing 
machine after the protrusion has been annealed. This forms ruggedness in the form of stripes on the protrusion. Other 
examples of the method of physically forming ruggedness include effecting the rubbing by using a rubbing device as 
55 Shown in Fig. 149A. and transferring ruggedness of a roller 103 by pushing the rugged roller 103 onto the substrate on 
which the protrusion 20 has been formed as shown in Fig. 149B. 

Fig. 1 50 is a diagram illustrating the irradiation with ultraviolet rays in order to enhance the wettability of the surface 
of the protrusion relative to the material of the vertical alignment film. As described above, a protrusion 20 same as that 
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of Figs. ueC IS fcrmea on :he substrate by using a photoresist. 9y using an excimer UV irradiation apparatus, the sub- 
strate IS irradiated with ultraviolet rays of a mam wavelength of 1 72 nm m an environment in which an oxygen concen- 
tration .s not lower than 20% ;n a -icsage of 'COO mj/cm". This helps improve the wettability of the surfaces of :he 
substrate and cf the prctrusjcn relative to the material of the vertical alignment film. The thus obtained substrate is 
5 washeci. dried, and ts coated with the vertical orientation member by using a printer. Since wettability has been 
improved by the irradiation with ultraviolet rays, the orientation material is not expelled, and the vertical alignment film 
is formed on the whole surface cf the prctrusicri. Thereafter, the processing is carried out in the same manner as that 
of the crcinary multi-donnain VA system. The thus obtained liquid crystal display device exhibits favorable display prop- 
erties without defect that stems from the expulsion cf the alignment film. 
to Figs. 1 S 1 A and 1 51 B are grapns illustrating a change in the expulsion factor of the material of the vertical alignment 
film cf wnen the conditions are changed in whicn the ptctfLSion formed of a photoresist is irradiated with ultraviolet rays. 
Fig. 151 A lo a graph iliuotrating a relationship ar.:oMg the wavelength, dusage (radiaiicn quaitr;Y) and expulsion factor 
(repellent occurrence ratio). Ultraviolet rays havirT;^ a wavelength of not longer than 200 nm are effective. When the 
wavelengtn is longer than 200 nm. the improvement is acuDmplished to only a small degree. When the ultraviolet rays 
10 have a waveiePCth of not longer than 200 nm. furthermore, no explosion (repellent) occurs 7.'ith the cosage of lOUG 
mJ/c'T^. rig. 151B is a graph illustrating a relationship between the oxygen concentration and the expulsion factor of 
when *.he protrusion is irradiated with ultraviolet rays having a wavelengtn cf not longer than 2C0 mn with a dosage of 
:cc: .r^.'cvrr. in an envircnment where the oxygen concentration is Low. ozone is not generated Jn sufficient amounts J 
and the improvement is accomplished little. It is therefore desired that the protrusion is irradiated with ultraviolet rays 
20 having a wavelength of not longer than 200 nm in an environment in which an oxygen concentration is not lower than 
20% with a dosage of not smaller than 1000 mJ/cm^. 

As an apparatus for generating ultraviolet rays having a wavelength of not longer than 200 nm. there can be used 
a low-pressure m.ercury lamp in addition to the above-mentioned excimer UV irradiation apparatus. 
' ' In ihe aoove-mentioned processing, the substrate was washed and dried 'after irradiated with ultraviolet rays. How- 
25 ever, the substrate may be irradiated with ultraviolet rays after it has been washed and dried. In this case, since the pro- 
trusion is irradiated with ultraviolet rays just prior to printing an alignment film thereon, wettability is not impaired by 
being left to stand after it is irradiated or by washing. 

Repellence on the protrusion can be drastically improved if a silane coupling agent, an alignment film solvent, etc. 
are applied before the alignment film is applied, and then the alignment film is formed. More concretely, the substrate 
30 is baked (annealed) and the shape of the protrusion is turned into the semicylindrical shape as shown in Fg. 146. After 
this substrate is '//ashed, hexamethyldisilane (HMDS) is applied by using a spinner. A vertical orientation material is 
applied to the substrate by using a printing press. In this way. the vertical alignment film is satisfactorily formed on the 
surface of the protrusion. Incidentally. N-methylpyrrolidone (NMP) may be applied in place of HMDS. Fur*Jier. printing 
of the vertical alignment film may be can-ied but in a sealed NMP atmosphere and in this case. too. the veaical align- 
35 ment film can be formed satisfactorily on the surface of the protrusion. Various solvents are available as the solvent to 
be applied before the formation of the vertical alignment film, and gamma-butyrolactone. met'nyl cellosolve. etc. as the 
solvent of the alignment film can be used, for example. 

Figs. 152A to 152C are explanatory views useful for explaining an example of the production method of the protru- 
sion in the 39th embodiment, and represents an example wherein the protrusion is formed by a material dispersing 
•to therein fine particles (particulates) (example of the CF substrate side). As shown in I'ig. 152A a positive type photoson- 
sitive resin (resist) 355 containing 5 to 20% of fine alumina particles having a grain size of not greater lhan 0.5 iirn in 
mixture is applied onto the v:lGCtrode 12. The resist 355 is exposed and developed by using a photomask 056 -fthk-h 
shades the protrusion portion, as shown in Fig. 1523. After baking is carried out. a protrusion 20A shown in Fig. 152C 
can be obtained. The fine alumina particles 357 protrude from the surface of this protrusion 20A and fall off from the 
45 surface to form holes. In other words, fine concave-convexities are formed on the surface of the protrusion 20 A. For this 
reason, wettability can be improved when the vertical alignment film is applied. 

To increase the number of concave-convexities on the surface of the protrusion in the embodiment described 
above, the proportion of the fine alumina particles to be mixed with the resist must be increased. When the proportion 
of the fine alumina particles exceeds 20%. however, the photosensitivity of the resist drops and patterning can not be 
so carried out by exposure. Figs. 153A to 153C show a method of manufacturing the protrusion when the number of the 
concave-convexities on the surface of the protrusion must be increased. 

A ncn -photosensitive resin containing a great proportion of fine alumina particles 357 having a grain size of not 
greater than 0.5 ^im is applied onto the electrode 12 as shown in Fig. 153A. Further, as shown in Fig. 1538. a resist is 
applied to the surface of the resin, and exposure and development are carried out by using a photomask 358 shading 
55 the protrusion portion. Because the resist remains at only the portions corresponding to the photomask 358, the non- 
photosensitive resin at portions other than the protrusion portion is removed by etching. When baking is carried out fur* 
ther. the protrusion 20A can be obtained as shown in Fig. 153C. The concave-convexities are formed similarly on the 
surface of the protrusion 20A but because the proportion of the fine alumina particles 357 mixed is great, a large 
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nurr.oei' o( concave-ccm/exities are rormed. and wettacrlity can Ce rruch mere improved than m the embodimertt shown 
in Fig. 154 wnen :he vertical alignment riim is acDtied. 

Figs. tS^A and 1 548 show another manufacrunng method or the concave-convexities on the surface ot the protru- 
sion by ihe fine particles. In thts examoie. after -he resist 36C .s acplied to the surlace of the elecrode 12, :he fine atu- 
5 mina particles 361 are sprayeo and allowed to achere to the surface of the resist 360. followed then by pre-baking. 
Thereafter, the protrusion is panerned tn the same way as m the pnor an. ana the protrusion 20A shewn In Fig. 154B 
can De cctainea. When tnis protrusion 20A is wasnea. the fine aiumma particles 36 1 exist on the surface of the protru- 
sion 20A and fall off from the surface to define the holes. !n consecuence. the concave-convexities are formed. 

Figs. 155A and 1553 are explanatory views useful for exdaining an example of the manufacturing method of the 
to protrusion in the 39th embodime-rt. and represents the example wherein a protrusion material is foamed to form the 
concave-ccrv/exitres on the sudace of the protrusion. The resist fc* forming the protrusion 20 is first dissolved in a sol- 
vent such as PGMEA (Prcyylerte Glycci Mono ivi ethyl Ether Acetato). *or example. Is aoplied oy a spinner end is iht-n 
pre-baked (pre-cure--) -3: 6C'C. ■^rc^-*' \^is state, 'arce quantities cf the solvent remain inside the resist. Pr^iterning is 
then carried out by exposure ana ce/eicpment by using a mask. 
JS According to the embodiments as dcccribed above, as shewn \r. Fig. ICS with a broken Ji.?*?, the temperature is 
gradually raised inside a clean oven up to 200*0 in th9 course of 10 minutes, is held at this temperature for longer than 
75 minutes and is gradually returned to the normal temperature in the course of 10 minutes. In contrast, according to 

^this em.bociment. as shown in Fig. I56_with a continuous line, the substrate is placed on a hot plate at 20 0**C a n d is 

heated for 10 minutes. At this time, about one minute time is necessary to raise the substrate temperature to 200"C. 
20 Thereafter, the substrate is left standing for cooling for 10 minutes to the normal temperature. When quick heating is 
carried out in this way. the solvent inside the resist is bumped and bubbles 362 are iormed inside the resist as shown 
in Fig. 155 A. Tne bubbles 362 are emitted outside from the surface cf the protrusion 20 as shown in Fig. 1558. At this 
time, the traces 363 of the bubbles are left on the surface cf the protrusion, forming thereby the concave-convexities. 
Incidentally, when the resist dissolved in the solvent is stirred before the application and the bubbles are introduced 
25 into the resist, foaming is more likely to occur than when the resist is quicWy heated. Stirring may be carried out while 
a nitrogen gas or a carbonic acid gas is being introduced. According to this method, the bubbles of the gas are intro- 
duced into the resist and a part of the gas is dissolved in the solvent, so that formability at the time of heating increases. 
Water of crystallization which emits water at about 120 to about 2C0''C or a clathrate compound which emits a guest 
solvent may be mixed with the resist, too. Water is emitted from water of crystallization and changes to a steam or the 
30 guest solvent is emitted at the time of heating, and foaming is more likely to occur. A solvent or a silica gel adsorbing a - 
gas may be mixed with the resist. The adsorbed solvent or the gas is emitted from the silica gel at the time of heating 
and consequently, foaming is more likely to occur. Incidentally, the solid material to be mixed must be smaller than the 
height of the protrusion and its width, and must be pulverized in advance to such a size. 

The fine pores are formed in the protrusion in the 37th embodiment whereas the grooves are disposed in the pro- 
35 irusion in the 38th embodiment, and according to such struaures. the vertical alignment film can be formed more easily 
on the surface of the protrusion. Figs. 157A to 157C show another method of forming the protrusion having the grooves 
such as those of the 38th embodiment. 

As shown in Fig. 157A, the protrusions 365 and 366 are lormed adjacent to one another by using a photoresist 
which is used for forming a micro-lens. The patterning shape or this micro-lens can be changed depending on the light 
'0 reflection intensity. Ihe baking temperature, the composition, and so forth, and when the suitable baking condition is set. 
the protrusion collapses and changes to the i;hape shown Fig. 157B. When the vertical alignment film 22 is applied to 
this shape, as ahown in Fig. 1 57C. the vertical alignment film 22 can be formed satisfactorily because the center of the 
protrusion 20 is recessed. After the material described above is applied to a thickness of 1.5 jun, the protrusions 365 
and 256 are patterned to a width of 3 |im and a gap of 1 um befiween the protrusions. The film is then baked at l80'C 
45 for 10 to 30 minutes. As a resuit. r/vo protrusions are fused to each other to form the shape shown in Fig. 157B. A 
desired shape can be obtained by controlling the ba^ng time. The protrusions 365 and 266 can be fused to one another 
when the height is from 0.5 to 5 um. the width is from 2 to 10 um and the gap is within the range of 0.5 to 5 iim. When 
the height of the protrusions is greater than 5 pm. this height affeCs the cell thickness (thickness of the liquid aystal 
layer) and im,pedes injection of the liquid crystal, '//hen the width of the protrusion is smaller than 2 ^im, on the other 
50 hand, the orientation limiting force of the protrusion drops. Furthermore, when the gap between the protrusions 
exceeds 5 jim. the two protrusions cannot be fused easily and when it is smaller than 0.5 jim, the depression can not 
be formed at the center. 

In the foregoing wasdescibed the treatment for improving wattability of the protrusion relative to the material of the 
alignment film according to the 39th embodiment. Here, the prarusion may have any pattern and may not be of the 
55 shape of a dome in cross section. Moreover, the material forming the protrusion is not limited to the photoresist but may 
be of any material provided it is capable of forming a protrusion in a desired shape. 8y taking into consideration the 
chemical or physical formation of ruggedness in a subsequent process, however, it is desired to use a material which 
is soft, is not easily peeled off and can be subjected to the ashing. The materials satisfying these conditior^s will be pho- 
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toresist. black matrix resjn. cclored filter resm. overcoating resm.arxd polyimide resin. These organic materials make it 
possible to improve (treat) the surfaces through the asning or IJV ;rraciaiion. 

According to the 39lh emccdiment as described above, wenability of the surlace of the protrusion is tmproved for 
the material of the alignment film, making it possible to prevent a rrcucte in that the alignment film is not formed on the 

5 surface of the protrusion, the quality of oisclay :s improved and the yield is improved. 

In the past, a so-called black matrix is piaced on the perimeter of each pixel in order to prevent deterioration of con- 
trast deriving from leakage of lignt passing thrcugh a region between pixels. Fig. 1 53 'S a diagram showing the structure 
of a panel of a prior art provided with black matrices. As illustrated, a red filter 39R. green filter 39G. and blue filter 398 
that coincide with red. green, and biue pixels are formed cn a color filter (CP) substrate 16. and ITO elecrodes 12 are 

10 formed on the CF oucsiraie. Fuanermore. black matrices 34 are formed on the borders among the red. green, and blue 
pixels. Data bus lines and gate bus lines or T.=T devices 33 are formed together with ITO electrodes 13 on a VFT sub- 
strate 1 7. A liqJd-crystal layar 3 is mierpcsec between the two substrates i6 and 1 7. 

Fig. 159 is a diagram showing the strucure oi a panel of the 40th embodiment of the present invention, and Fig. 
.50 is a diagram showing a pattern of pi'ctrus:cns over pixels in the 40th embodiment. As illustrated, the red filter 39R. 

IS green fiito*- 3SG. and blue filter 338 ara formed on the CF substrate 16. As sncwn in Fig. 160, the protrusions 20A for 
controlling alignment, which are included in the liquid crystal panel of the first embodiment, are formed on the CF sub- 
strate 16. though they are not shewn, in Fig. 159. The protrusions 20 A are made of a tight-interceptive material. Protru- 

sions 61 are formed on the perimeters of pixels. Tne protrusions 31 are also made of a lignt-interceptive material and 

function as black matrices. The necessity of forming the black matrices 34 like in the prior art is obviated. The protru- 

20 sions 61 functioning as black matrices can be formed concurrently with the protrusions 20A. Using this process of man- 
ufacturing, the step of creating black matrices in the course of cheating the CF substrate 16 can be omitted. Reference 
numeral 62 denotes a TFT in each pixel. The protrusions 51 are designed to intercept light from the TFTs. 

In Fig. 159. the protrusions 20A and 51 are formed on the CF substrate 16. Alternatively, the protrusions 51 or 20A 
or both of them may be formed on the TFTsLCStrate 17. Owing to this structure, a mismatch between the CF substrate 

25 16 and TFT substrate 1 7 occurring during bonding need not be taken into account. Consequently, the numerical aper- 
ture of the panel and the yield of a bonding step can be improved outstandingly. Assuming that the CF substrate 16 is 
provided with black nutrices. when the ITO electrodes 13 on the TFT substrate 1 7 and open portions (portions without 
the black matrices) of the CF substrate 16 are designed to be mutually identical, if a bonding mismatch occurred in the 
process of manufacturing the panel, the mismatch region would cause light leakage. This disables normal display. Gen- 
'30 erally. even if a high -precision bonding machine is em.ployed. a matching error of about ± 5 micrometers (jim) is present. 
A corresponding margin must therefore be preserved. In consideration of the margin, an aperture for each black matrix 
is designed to be smaller. Thus, the above problem is coped with. That is to say, each black matrix is designed to invade 
into an ITO electrode 13 formed on the TFT substrate 17 by about 5 to 10 micrometers. When the protrusions 61 nre 
formed on the TFT substrate 17. the panel is free from the adverse effea of the bonding mismatch. Consequently, the 

35 numerical aperture can be maximized. This advantage becomes greater as each pixel of the panel gets smaller, that is, 
as a resolution improves. For example, in this embodiment, a substrate having ITO electrodes of pixels of which width 
is 80 micrometers and height is 240 micrometers is employed. In any of the conventional modes, since a margin^of 5 
micrometers is needed, the width and length of the aperture become 70 micometers and 230 micrometers respectively, 
and the area of an aperture for each pixel becomes 16100 square micrometers. Uy contrast, in this embcdimont. tho 

^0 area of the aperture for oach pixel is 19200 r^uare micrometers. The numerical aperture is improved to ne approxi- 
mately 1 .2 times larger than the one permitted by the conventional mode. For rr^alizing a display that offers ^Jvice as \\\Qh 
a resolution as the one provided by the panel, .he width and length of an electrode are 40 micrometers and 120 micrnni- 
Gters respectively. !n the conventional mode, the area of the aperture for each pixel ic 3300 square micrometers. In tiiis 
embodiment, the area of the aperture for each pixel is 4800 square micrometers and thus improved to be approximately 

45 1.5 limes higher than the one permitted by ^ie conventional mode. Thus, the higher the resolution is. the greater the 
advantage is. 

Fig. 161 is a diagram showing a pattern of a black matrix (BM) according to a 41th embodiment. It was described 
above that light leaks at the domain regulating means. A m.inute domain having an orientation angle 90** different 
located at about the top of the protrusion can be used as described above. The light leaks, however, unless a stable 
50 orientation can be secured at about the top of the protrusion. For the contrast to be improved, therefore, the domain 
regulating means is preferably masked. One method of masking the protrusion is to form the protrusion of a light-shield- 
ing material. According to the 4ith embodiment, however, the domain regulating means is masked by use of a black 
matrix (BM). 

As described above, the BM 34 is used for shielding the leakage light at the TFT and the boundary between the 
55 cell electrode and the bus line. The 4 1 th emccdiment. however, uses the BM also at the domain regulating means. Con- 
sequently, the leakage light at the the domain regulating means can be masked for an improved contrast. 

Fig. 1 62 is a sectional view of a panel according to a 4ist embodiment. As shown, the BMs 34 are arranged at posi- 
tions corresponding to the protrusions 20A. 20B. the TFT 33. and the inten/al between the bus lines (only the gate bus 
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line 31 is snown} anc the ceil elecrodes 13. 

Fig. 163 shows a pixel pattern according to a 42nd emcociment. Ccnvennonaily. a delta arrangement is known, in 
which :he display pixels, which are sucstaniially square in shace. are arranged in aajaceni columns one half of a pitch 
displaced trom each ctner. in a coior liquid crystal aisclay device, a set of color oixels is contigured of three adjacent 

5 pixels of 13B. 13G. 13B. Each pixel is almost square in shape, and as compared with a i-to-3 rectangle, an equal pro- 
portion of liquid crystalline molecules can be easily secured m eacn direcion of division without reducing the protrusion 
. interval consideraciy. in such a case, the data t3us line is extended in zigzag along the perimetric edge of the pixel. In 
this way. the delta arrangement is very effecive in the case where a protrusion arrangement or a depression an^ange- 
ment is continuously formed ever ^le entire substrate surface for orientation division. 

to The 43rd embodiment to be described next is an embodiment using the protrusions for contrr;lling alignment or the 
orotrusions 61 serving as black matrices in the 40th embodiment as spacers. As aL-o shown in Fig. 19. spacers are 
usod to rpiain the distance (gap) fc3^veen rwo substrates (ihickness of cells) at a predettrniined value. Fig. 1 64 is a dia- 
gram snowino the strucxre of a panel of a prior art. wherein spacers '^S are placed or. borders between pixels and 
define the thid^ness of cells. The spacers 45 are. for example, spheres having a predetermined diameter. 

ts Figs. 1 fv5A ac^l • 653 are diagrams shewing the structure of a panel of the 43rd embodiment. Fig. ^ 6CA shews the 
structure of the panel of the 43rd em.bcdiment. and Fig. 1653 shows a modrficaticn. As shown in Fig, 1 65A, in the panel 
ot 'ihe 43rd embodiment, prctrusicns 64 formed cn the perimeters of pixels are made as thick as cells, and thus define 
the thickness of cells, in the drawing, the protrusions ,64 are formed on the JFT substrate 1 7. Alternatively. the_projru- 
sicns 54 may be formed on the CF substrate 15. This strucajre obviates the necessity of inciuding spacers. No liquid 

20 crystal is present at the positions of the protrusions 64. For a venically-aligned panel or the like, the positions of protru- 
sions (cell holder areas) of the panel appear in black all the time irrespective of an applied voltage. The black matrices 
are therefore unnecessary, and the protrusions 64 need not be made of a light-interceptive nnaterial but can be made 
of a transparent material. 

In the 43rd embodiment shown in Fig. 165A. the protrusions 64 define the thickness of cells. The precision in thick- 

25 ness of cells is dominated by the precision in forming the protrusions, and is Therefore poorer than that permitted when 
the spacers are used. A panel having the structure of the sixteenth embodiment was actually produced. As a result, a 
level of uncertainty in thickness of cells can be controlled within ± 0.1 micrometers. This level would not pose any par- 
ticular problem in practice. However, this structure is unsuitable when the thickness of cells must be controlled strictly. 
The modification shewn in Fig. 167B is a structure intended to solve this problem. In the modification shown in Fig. 

30 167B. the spacers 45 are mixed in a resin to be made into the protrusions 65. and the resin is applied to the substrate. 
The substrate is then patterned in order to form the protrusions. In this modification, the merit of the 43rd embodiment 
that the spacers are unnecessary is lost, but there is a merit that the thickness of cells can be defined irrespective to 
the precision in drawing a pattern of protrusions. A panel having the structure shown in Ftg. 1678 was produced aau- 
ally. The thickness of cells could be defined so precisely that an error falls within = 0.05 micrometers. Nevertheless, the 

35 spacers are still needed. However, since the spacers are mixed in a resin, the spacers are arranged while the resin is 
being applied. This obviates the necessity of scattering the spacers at a panel production step. The number of steps 
included in the process does not increase. 

Figs. 166A and 166B are diagrams showing cmother modifications of Ihe 43rd embodiment. Fig. 166A shows a 
structure in which the protmsicns 64 of the 43rd embodiment are replaced with protrusions 81 made of a light-intercep- 

40 tive material, and Fig, 166B shows a structure in which the protrusions 35 shown in Fig. 165B are replaced with protru- 
sions 82 made of .i light-interccplivo material. .'*vs mentioned nbove. in i-irfs. 165A and 165B. the protrusions 64 and OS 
may be made of a Uansparent material. The protrusions can still fill the role of black m.atrices. However, when the pro- 
trusions are made of the light-interceptive material, perfect light interception can be achieved. 

Fig. 167 is a diagram showing a modification of the 43rd em.bodiment. Protrusions 83 are formed on the CF sub- 

45 strata 16 and protrusions 84 are formed on the TFT substrate 1 7. The protrusions 83 and 84 are brought into contact 
with each other, thus defining the thickness of celts. An effect exerted is the same as the one exerted by the 43rd 
embodiment and its modification. 

In the 43rd em.bodiment and its modification, protrusions lying on the perimeters of pixels are used to define the 
thickness of cells. Protrusions for controlling alignment, for example, the protrusions 20A shown in Fig. 160 may be 

so used to define the thickness of cells. 

Furthermore, in the 40th embodiment. 43rd embodiment, and modifications of the 43rd embodiment, protrusions 
are formed all over the perimeters of pixels. Alternatively, the protrusions may be formed on parts of the perimeters of 
the pixels. For example, the protrusions 61 . 64 and 81 to 84 in the 43rd embodiment and its modification may be made 
of a light-interceptive material and formed along one sides of only TFT portions of pixels, that is. portions 62 shown in 

55. Fig. 59. As mentioned above, as far as a so-called normally black-mode panel that. like a vertically-aligned (VA) panel, 
appears in black when no voltage is applied to ITO electrodes is concerned, even if the black matrices are excluded, 
light leakage hardly poses a problem. In this embodiment, therefore, only the TFT poroons of pixels are coated with a 
light-interceptive resin but the drain bus lines and gate bus lines sun'ounding the pixels are not coated therewith. As 
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mentioned above, as the nurroer oi lignt-tnterceptive regions decreases, the numerical aoerture imcroves accordingly. 
This is acJvantageous. The structure in which protrusions are formed along only the TFT portions can be adapted to the 
•lOrd embodiment and its mocificaiions shown in Figs. 165A to 169. 

In the 43rd embodiment, the black matnx ts provided with the funcicn of the spacer but accorcing to the prior art. 

5 spherical spacers having a diameter equal to the cell thickness are sprayed on one oi the substrates having the vertical 
alignment film formed thereon and then tne ctner substrate is bonded. 'Mien the protrusion is formed on the elecrode. 
however, a part of the spacers so sprayed is positioned on the prcirusicn. if the diameter of the spacers is equal to the 
cell thickness in the case where no protrusion is formed, the ceil thickness becomes greater than the desired thickness 
due to the existence of the spacer on the protrusion. Further, when any force is applied from outside to the panel that 

;o is once assembled and the spacers move on the protrusion, the cell thickness becomes greater at that portion and the 
problem of non-uniform display develops. The forty -fourth emtx^aiment to be next exclained is iirected to solve this 
pra'ilem by decreasing the diameter of tht spacers in consideration of the thickness of the protrusior.. 

Figs. 1 68A to 1 68C she// the panel structure of the A4th embodiment. Fig. 1 68A shows the TFT substrate 1 7 before 
assembly. Fig. 168B shews the CF substrate 16 before assembly and Fig. 168C shows the assemi;led state. As shewn 

/5 in Figs. 168A and 1683. the protrusion 20A is formed on the elearoda i2 cf the CF substrate 16 arxJ the veriical align- 
ment film 22 is further formed. The protrusion 20B is formed on the electroda 1 3 of the TFT substrate 1 7 and the vertical 
alignmerrt film 22 is before assembly and further formed. The protrusions 20A and 20B have the same height of 1 .um 

and are asserrJbled.so that.they. do net cross mutually when viewed from the. panel surface. The cell thickness is 4 

micrometers (^m). and the diameter of the spacer 85 made of a plastic material is 3 jjm which is the balance obtained 

20 by subtracting the height of the protmsion from the cell 163 A thickness. As shown in Fig. 168 A, ISO to 300 pcs/mm^ of 
spacers 85 are sprayed (sprinkled) on the TFT substrate 17. A seal is formed from a bonding resin on the CF substrate 
16 and the CF substrate 16 is bonded to the TFT substrate 17. The spacers 85 are positioned on the protrusions 20B 
or below the protrusions 20A at a certain probability as shown in Fig. 168C. This probability corresponds to the propor- 
tion of the areas of the protrusions 20A and 208 to the entire area. Under the state shown in Fig. 168C. the cell thick* 

25 ness is limited by the spacers positioned on the protrusions 208 or below the protrusions A and the thickness of the 
protrusions. The spacers 45 existing at portions other than the protrusions 20A and 20B are floating spacers that do not 
affect the cell thickness. Since the cell thickness is limited by the protrusions 20A and 20B. the cell thickness hardly 
exceeds the desired value. Even when the spacers at portions other than the portions of the protrusions move to tfie 
protrusion portions during the use of the panel, the cell thickness does not become thick, and even when the spacers 

30 existing at the protrusion portions move to the portions other than the protnjsion portions, they change to only the float- 
ing spacers. 

Fig. 169 is a graph showing the relationship between the scattered (sprinkle) density of the spacers and the cell 
thickness. When the scattered de^si^/ of the spacers is 100 to 500 pcs'mm^ the ceil thickness falls within the range of 
4 |im ± 0.5 um. 

35 Next. Fig. 172 shows the experimental result of variance of the cell thickness that occurs when a force is applied 
from outside to the panel, and the scattered density of the spacers. It can be appreciated from this result that when the 
scattered density is lower than 150 pcs/mm^. variance is likely to occur again t the force applied, and when :ha scat- 
tered density exceeds 300 ix:s/mm^, variance is likely to occur against the tensile force. Therefore, the optimum scat- 
tered density is 1 SO to 300 pcs/mm^. 

'0 In the manufacturing process of the liquid crystal display panel, ionic impurities are sometimes entropped and ions 
contained in the liquid cryr.tal t:nd ions eluting from Ihe alignment film, the protrusion forming material, the seal material, 
etc. mix in the lio.uid crystal panel in some cases. When the ions mix into the liquid crystal panel, the specific resistanro 
of the pane! drops, so that the effective voltage applied to the panel drops, too. thereby resulting in burn of the display 
and in the drop of the voltage retention ratio. In this way. mixing of the ions into the panel lowers display performance 

45 and reliability of the liquid crystal panel. 

For these reasons, the ion adsorption capacity is preferably provided to the dielectric protrusion formed on the elec- 
trode, used as the domain regulating means in the embodiments described above. There are two methods of providing 
the ion adsorption capacity to the protrusion. The first method irradiates the ultra-violet rays and the second adds a 
material having the ion adsorption capacity to the material of the protrusion. 

50 Surface energy of the protrusion forming material rises when the ultra-violet rays are irradiated to the material. Con- 
sequently, the ion adsorption capacity can be improved. The surface energy y can be expressed by the sum of the polar- 
ity term -^3 of the surface energy and its scatter term yd. The polarity term is based on the Coulomb electrostatic force 
and the scatter term, on the scatter force among the van der Waals force. When the ultra-violet rays are irradiated, 
bonding at portions having a low bonding energy is cut off. and oxygen in air com.bines with the cut portions. Accord- 

55 ingly. the polarizability of the surface increases, the polarity term becomes great and the surface energy increases. 
When the degree of polarization increases, the ions become more likely to be adsorbed to the surface. In other words, 
the surface of the protrusion comes to possess the ion adsorption capacity when the ultra-violet rays are irradiated. It 
is prefen'ed to selectively irradiate the ultra-violet rays to only the protrusions when irradiating the ultra-violet rays, but 
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because the boncjs of the protrusion forming matenal are more likely to be cut off than the bonds on the surface of the 
substrates, only the protrus»ons come lo possess the ion aosorption capacity even wnen the ullra-vioiet rays are irradi- 
ated to the entire surface of the panel. The vertical alignment film is formed arter the ultra-violet rays are irradiated. 
An ion exchange resir^. a chetating agent, a siiane coupling agent, a silica gel. alumina, zeolite, etc. are known as 

5 the materials having the ion adsorption capacity. Among them, the icn exchange resm excnanges the ions, and supple- 
ments the ions that have existed as impuraies from the beginning, instead, it discharges other ions arxl for these rea- 
sons, it is not suitable for the protrusion forming matenal. Among the materials having the ion supplementing capacity, 
some materials exist whic^ have the ion supotementing capacity without emiriing the substituent ions, and such mate- 
rials are preferably used. Examples of such materials are crown ether having '^.e chemical formula shown in Figs. 1 71 A 

to ana 1718 and kr'/ptand having the c■^^^mical formula shown in Figs. "172A and ^ 723. Further, inorganic matenals such 
as alumina and zeolite have the capacity of supplementing ions withou* emitting ions. Therefore, thsse materials are 
viseo. Incidentally, since the kinac of i.he ions adsorbed by one ion adsorrjticn material are limitec, ntaterials adsorbing 
different ions are preferably uSixJ in coi'nbination. 

A protrusion line having a width of */.5 \im, a height of i .5 jjm and a gap of ! 5 :tm between the protrusions is formed 

:s from a positive type resist, and is subjeced to liia i^'oat.ment fcr imparting ih3 various 'cn adsorption capacity described 
aI:ove so as to manufacture the panels. Fig. 250 shows the recult cf measurement of the initial ion density a.'^d the ion 
density (unit: pc) after the use for 2C0 hours of the panel so manufactured. !n Fig. 250. ultra-viciet rays of 1.500 mJ are 
irradiated iri Example C. 0.5 wt*i^» cf crown ether. is acded.iaHxanple.O^eolite is.added in. Example E^and crown. ether 
and zeolite are added in Example r For reference, the case where the treatment for imparting the ion adsorption capac- 

20 ity is not can-ied out is represented as Comparative Example. A 10 V triangular wave having a frequency of 0.1 Hz is 
applied at the time of use. and the temperature at the time cf measurement is 50'C. It can be appreciated from the 
result that the initial value of the ion density remains at substantially the same level regardless of the ion adsorption 
capacity treatment. However, the ion density after 200 hours crastically increases when this treatment is not carried out, 
but wnen the treatment is carried cut. the increase remains small. 

25 When the sam.ple to which the ultra-violet rays are irradiated and the sample which is not at alt treated are sub- 
jected to the practical running test, burn occurs in the un-treated sample but does not occur in the sample subjected to 
the ultra-violet irradiation. 

In the 40th embodiment, the structure in which a pattern of protrusions is drawn on the CF substrate 16 using black 
matrices has been disclosed. The structure will be desaibed below. 

30 As mentioned above, if a pattern of protrusions can be drawn on the CF substrate 1 6 in the conventional manufac- 
turing process, since a new step need not be added, an increase in cost deriving from drawing of a pattern of protrusion 
can be minimized. The s^/enteenth embodiment is an embodiment in which a pattern of protrusions are drawn on the 
CF substrate 16 by utilizing the conventional manufacturing process. 

Figs. 1 73A and 1 738 are diagrams showing the structure of the CF substrate cf the 45th embodiment. As shown 

35 in Fig. 173A. in the 45th embodiment, the color filter (CF) resins 39R and 39G (and 398) are applied pixel by pixoi to 
'he CF substrate 16, Black matrices or an appropriate material such as a CF resin or any other flattening resin is used 
to define a pattern cf protrusions 50A by tracing predetermined positions. ITO (transparent) electrodes 12 are then 
formed on the pattern of protrusions. A material to be made into the black matricis is not restricted to any specific one. 
For formjng protrusions, however, a certain thickness is needed. From this viewpoint, the adoption of a resin is profnr- 

•fo Able. 

Fig. \73B is a diagram chow'ing a modification the CF substrate in iho ^^5th embodiment. Slack matrices or f.i 
appropriate matenal suuh as a CF resin or any oiher flattening resin is usskI to ciraw a pattern of protrusions 50 tJ ioy 
tradng predetermined positions on the CF substrate 16. 'ITiereafter, the CF rosins 39R and 39G are applied. ConscV 
quently. the CF resin defining the pattern of protrusions gets thicker. The pattern cf protrusions can now provide protru- 
45 sions as it is. The ITO (transparent) electrodes 12 are then formed. 

According to the structure of the 45th embodiment, protrusions can be formed at any positions on the CF substrate. 

Fig. 1 74 is a diagram showing the structure of a panel of the 46th embodiment. In the 46th embodiment, the pro- 
trusions 50 are formed cn the perimeters of pixels on the CF substrate 16. that is. on seams between the CF resins 
39R. 39G, and 398 or on seams relative to black matrices 34. Cn the TFT substrate 1 7. the protrusions 208 are formed 
50 at positions coincident with intermediate positions between the seams. For forming continuous protrusions along one 
sides of the pixels opposed to the seams on the CF substrate 16. that is. for drawing a pattern of linear protrusions, a 
pattern of linear protrusions is drawn parallel to the pattern of protrusions by tracing positions near the earners of the 
pixels on the TFT substrate. Moreover, when continuous protrusions are formed along all sides of the seams between 
the pixels on the CF substrate 16. the pattern shown in Rgs. 80A to 81 is drawn. On the TFT substrate 17. pyramidal 
55 protrusions are formed near the centers of the pixels. 

The structure of the panel of the 46th embodiment can be adapted to various forms. An exarrple of the structure of 
the CF substrate of the 46th em.bodimeni will be described below. 

Fig. 175A to 180B are diagrams showing examples of the structure of the CF substrate of the 46th embodiment. 
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Fig. 1 75A snows a structure »n whicn :he blacK matrix (BM) 2'^ 'S interposed oetween each pair of the CF resins 39R 
and 39G. The iDtacK matrices 3*^ are formed ihicKer than the CF resins, and the ilO electrodes 12 are formed on the 
t3iack matrices 34. The black matrices 34 become proirusicns. even m ihis case, the clack matrices 34 should prefera- 
bly be made of a resin or the like. 
5 In F^g. 1 758. the thin black matrices 34 made of a metal or the like are formed on the CF substrate 12. The CF res- 

ins 3SR and 3SG are applied :o the black matrices, thus forming color fillers. Therea'rter. the CF resin 39 is applied in 
order :o form protrusions 70. Tne iTO electrodes 12 are formed on the protrusions. 

In Fig. 176A. the thin black matrices made of a metal cr the !ike are formed on the CF substrate 12. The CF resins 
39fl and 39G are applied to the substrate, thus forming cclcr filters. A resin other than the CF resin, for example, a resin 
10 used rs a flattening material is used to form protrusions 7i without the use of the black matrices 34. The ITO electrodes 
12 -irfj then formed on the protrusions In this case, like the structure shown in Fig. 175A. the flattening material is 
gpplK-^d thicker than ihe CF resin. 

In .^ig 176B. a resin or the like is used to .crm the black matric^:s 34. of which tiiickness is the same as the thickness 
of proousions. on the CF substrate 12. The C.^' resins 39R and 3SG are applied so that they will overlap the black matrl- 
15 ces 34, i:;us forming color filters. Tnereafter. *J^e ITO eiecrodes Vc are formed. The portions of the CF resins overlap- 
ping the black matrices 34 <ier'e as protrusions. 

in Fig. 177A, the tnin black matrices 3^ made of a meiai cr the like are formed on the CF substrate 12. and the CF 

resin 39R.is then .applied tojhe substrate.. Thereafter, the CF resin 39G is applied to overlap the CF resin 39R. and the; 

ITO elearodes 12 are then formed. Portions of the CF resin 39G overlapping the CF resin 39R serve as protrusions. At 
20 the positions of the protrusions, the black matrices 34 are included for not allowing passage of light Either of the color 
filter resins may overlap the other color filter resin. Accorcirg to this structure, protrusions can be formed at the step of 
forming color filters. The number of steps will therefore not increase. 

In Fig. 1 77S. a flattening material 71 is applied to overlap parts of the CF resins 39R and 39G on the same sub- 
strate as the one shown in Fig. 175A. Portions of the flanening material 71 overlapping the CF resins serve as protru- 
2S sions. Owing to this structure, the flattening material 71 can be nnade as thin as the height of protrusions. 

The aforesaid structures are structures in which ITO electrodes are formed on protrusions and electrodes have the 
protrusions. Next, an example of a structure in which an insulating material is used to form protrusions on the ITO elec- 
trodes will be described. 

In Fig. 178. after color filters are formed on the CF substrate 16 by applying the CF resins 39R and 39G, the ITO 
30 electrodes 12 are formed. The black matrices 34 are then placed in order to form protrusions. Even in this case, the . 
number of steps will not increase. 

In Fig. 1 79A, after the thin black matrices 34 are form.ed on the CF substrate 16. the ITO electrodes 12 are formed. 
Color filters are then formed by applying the CF resins 3SR anc 3SG. At this time, the CF resin 39G is applied to overlap 
the CF resin 39R. thus forming protrusions. Even in this case, the number of steps will not increase. 
35 In Fig. 1 79B, after the thin black matrices 34 are formed on the CF substrate 1 6. color filters are formed by applying 
the CF rosins 39R and 39G. The ITO elearodes 12 are then formed. The flattening material 71 is then used to form 
protrusions. 

In Fig. 180 A, after the ITO electrodes 12 are formed on the CF substrate 16. color filters are formed by applying the 
CF resins 39R and 39G. The black matrices 34 are then placed on the color filters, thus forming protrusions. 

*:0 In Fig. 1 80B. after the thin black matrices 34 are formed on ihe CF substrate 1 6. color filters are formed by applying 
(he CF resins 39R and 39G: A flattcninn material 72 is used to flatten '.he r.ur1ace. Ttie ITO electrodes 12 :tre Ihcn 
formed on ihe surface and the black matrices 34 are further formod. whereby protrusions are renWzeii, 

Figs. 181 A to 181G are diagrams illustrating the staphs for producing the color filter (CF) substrate according to a 
47th embodiment. The CF substrate has a protrusion as a domain regulating means. 

45 Referring to Fig. 181A. a glass substrate 16 is prepared. Then, as shown in Fig. 181B. a resin (resin B, C8-7001. 
manufacured by Fuji Hanto Co.] 396* for negative-type flue filter is applied onto the glass substrate 16 maintaining a 
thickness of 1.3 um. Then, as shown in Fig. 181C. the rean B is formed on the portions of the blue (B) pixel. BM portion 
and protrusion 20A by the photolithography method using a photomask 370 as shown. Next, referring to Fig. 1810. a 
resin (resin R. CR-7001 . manufactured by Fuji Hanto Co.) 39R' for red filter is applied to form the resin R on the portions 

50 of the red (R) pixel, BM portion and protrusion 20A by the photolithography method. Referring to Fig. 181 E. a resin 
(resin G. CG-7001 . manufactured by Fuji Hanto Co.) 39G* for green fiKer is applied to form the resin G on the portions 
of the green (G) pixel, BM portion and protrusion 20A by the photolithography method. Through the above-mentioned 
steps, corresponding color filter (CF) layers are formed in one layer only on the pixel portions B. G arxl R. and the resins 
B. G and R are formed in three layers being superposed one upon the other on the BM portion and on the protrusion 

55 20 A. The portions where the resins 8. G and R are superposed in three layers are black portions without almost per- 
mitting the passage of light. 

Next, a transparent flattening resin (HP- 1009 manufactured by Hitachi Kasei Co.) is applied by a spin coater main- 
taining a thickness of about 1.5 nm. post-baked in an oven heated at 230'C for one hour, and an TO film is formed by 
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mask-sounering. Referring next to ?ig. 18 iF. a black positive-type resist (CFPR-aKP manuraaured by Tokyo Ohka Co.) 
is applied py the spin coater maintaining a thickness of about 1 .0 to 1 .5 u. pre-baked. and is axposed to ultraviolet rays 
having a wavelength of 365 nm m a dosage of »CCO mj/cm- from the back surface of the glass substrate 16 through 
the Cr resin. The portions where the resins 5. G and R are suoerposed in three layers permit ultraviolet rays to transmit 
5 through less than through other portions, and where a threshold value of exposure is not reached. When developed with 
an alkali developing solution, the cM portion 2^ and the protrusion 20A are formed that were net exposed to light, and 
are post-baked in an oven heated at 23C'C for one hour. Mcrec/er. a vertical alignment film 22 is form.ed to complete 
the Cr substrate. 

rig. T 32 is a seaicnal view cf a liquid crystal panel completed by sticking the CF substrate 16 prepared as 
10 described above and a TFT substrate 17 together, in the TFT substrate 17, a slit 21 is formed as a domain regulating 
means in the pixel electrode 13. and a venical alignm.ent film 22 is formed therecn. Refei ^nce numeral 40 denotes a 
gate protection rilm and a channel prctec:on film. On tne portions where tne iigh* must be sh:eiu*=id, the 8M 34. and tl.3 
resins cf the three layers B. G and fl ara superposed cne upon the other to ravorab/y shield ;he light. The protrusion 
20A of the CF substrate 1 6 and the slit 21 in the TFT substrate 1 7 divide the orientation cf liquid aystais making it pos- 
IS sible to obtain gccd viewing angle cnarac:3'istics and higi*^ cperaticn speed. 

According to the 47th errcodiment as descnbed above, the protrusion 20A which is the domain regulating means 
and the SM 34 are formed on the CF *;ubstrats wrthcut the need of exposure to light through a pattern, but by patterning 
by exposure to iightj/pmjhe packjjurlace.jpaki it possible to sirrpjiiy :na steps 'cr forrning the_ protrusion 20A_and 
the 3M 34. :o lower the cost and to inaease the yield. 
20 In the 47th embodiment, the pigment scatter m.ethod is employed for forming the CF This can be similarly adapted 
even to the dying method and to the case where a non-phctcsensitive resist formed by dispersing a pigment in the pdy- 
imide is to be formed by etcning. According to the 47th emJbodiment. the CF resins are superposed in three layers on 
the portions of the protrusion 20A and 3M 34. These resins, however, may be superposed in two layers provided the 
wavelength cf the irradiation light and the in-adiation energy are suitably seleaed at the time oi exposure through the 
back surface. 

In the 47th embodiment, the BM and the protrusion which is the domain regulating means are formed on the CF 
substrate without patterning. However, the fifth en^odiment can be also adapted even to the case where the BM only 
is formed without forming protrusion, as a matter of course. A 48th embodiment deals with a case where the 8M is 
formed but forming the protrusion by a method different from that of the 47th embodiment. 

30 Figs. 133 A and 183B are diagrams illustrating a step of producing the CF substrate according to the 48th embodi- 
ment, and Figs. 184A and 184B are diagrams illustrating a panel structure according to the 48th embodiment 

In the 48th embodiment, no CF restn Is superposed on a portion corresponding to the protrusion but the CP recin 
is superposed on a portion corresponding to the 3M only to form a BM protrusion 381. Next, without effecting the flat- 
tening, an ITO film 12 is formed as shewn in rig. 183A. and the above-mentioned black positive-type resist 380 is 

35 applied thereon maintaining a predetermined thickness, for example, about 2.0 ^im to 2.5 um.- Then, the developing is 
effeaed by exposure to tight from the back surface to obtain a panel having a SM resist 380 superposed on the 8M pro- 
tnjsicn 381 as shewn in Rg. 1838. The BM 34 is constituted by both the BM protrusion 381 and the BM resist 380. 

The CF substrate and the TFT substrate are stuck together to prepare a panel shown in Fig. 184 A. Fig. i848 Is a 
view illustrating, on an enlarged scale. A circular portion of a dotted line of Fig. 184A. and in which the BM resist :'^0 's 

40 in contact with the TFT substrate 1 7. and the distance between the substrates is defined by both the BM protrusion o8'i 
and the BM resist 380. That is. \he BM protrusion 381 and Ihe !3M resist 380 work r.s a r.pacor. 

According to the 48th em.bodiment as deiicribed above, there is no need to pattern the 3M simplifying Jie clc-p.;. 
and the BM works as a spacer eliminating the need of providing the spacer. In the 48th embodiment, the positivt-t^'pe 
resist was used to form the BM by exposure to light through the back surface without effecting the patterning, hlowever. 

45 either the negative-type resist cr the positive-type resist can be used provided it can be patterned by the photolithogra- 
phy method. The resist which is not of a clack color can be used for forming protrusion which works as a domain regu- 
lating means, or can be used as a spacer in compliance with the 47th embodiment. 

Next, described below is a case where the protrusion 34i on which the CF resin is superposed in the 48th embod- 
imem. is directly used as the BM. 

so Figs. 185A to 185C are diagrams for illustrating the steps for producing the CF substrate according to a 49th 
embodiment, and Fig. 186 is a diagram illustrating a panel structure according to the 49th en-^^odimerrt. 

Referring to Fig. 185A, the CF resin is superposed in three layers on the BM to form a protrusion 381 which permits 
tight to pass through very little. Referring next to Fig. 1858. the above-mentioned transparent flattening resin is applied 
by a spin coater maintaining a thickness of about 1.5 um. post-baked at 230**C for one hour and. then, an ITO film 12 

55 is formed. Then, in Fig. 185C. a positive-type resist (SC-181 1 manufactured by Shipley Far East Co.) is applied main- 
taining a thickness of about 1.0 to 1.5 ^im). pre-baked. and a protrusion 20A is formed by the photolithography method. 
The protrusion 38 1 formed by superposing the CF resins 8, G and R in three layers does not aInrxDSt permit light to pass 
through and works as the BM. The thus completed CF substrate 16 and the TFT substrate 17 are stuck together via a 



48 



EP 0 884 626 A2 



spacer ^^S to cbtam a panel as sncwn m rig. \S6. 

The 'iTth to 49th emoodirrents have dealt with the cases where the BM was formed by superposing the CF resins. 
The liquid crystal display device of the VA system hclcing the negaiive-type liquid crystals, is ncrmally black, and the 
non-pixet pcfticns to where no -/oUage is appiied do not almost permit light to pass through. Therefore, the BM for 
5 shielding light for the non-pixel portions may have a lignt transmission factor which is not acceptaola in the case of the 
normally white device. That is, the 8M may have a light transmission factor wmch is low to some exient. An 50th embod- 
iment is to easily produce the CF substrate by giving aneniton to this point, and uses a CF resin or, concretely speaking, 
uses the resin S as :he SM. Tnis does not develop any problem from the standpoint of quality of display. 

Fig. 137 is a diagram illusMting a step for producing the CF substrate according to the 50th errbodiment. and Figs. 
to 188A and 188B are diagrams illustrating the panel structure according to the SOth embodiment. 

Refernr.g to Fig. 187, the CF resins R. G (CR-7001. CG-7C01. manufactured by Fuji Hanto Co.) of two colors are 
formed or. the glass substrate 13. and the negative-type pholcsensitive resin B (CS-7C0i manufactured by Fuji Hanto 
Co.) is applied thereon by using a spin coater or a roll coater ar.d is pre- baked. Then, the glass substrate 1 5 is exposed 
to ultraviolet rays of a wavelength of 365 nm in a dosage of 300 mJ/crn^ from the back surface tfiereof. developed by 
IS using an bilr^Jli develcping solution (CD manufactured by Fuji Hanto Co.). ano is» post-baked in an oven heated at 23C**C 
for one hour. Thereafter, an ITO film is formed and. then, a vertical alignment film is formed. Tnat is, the resin B is 
formed on the portions other t^an the portions where the CF resins R and G are formed. The CF resins are not formed 

on the portions where the light must be shielded by forming the BM; i.e., the resin B is formed on the portions where' 

the light must be shielded. 

20 Referring to Fig. IBSA. the resin B 393 is formed as SM on the portions of bus lines 31 . 32 and on the portions of 
TFTs where the lignt must be shielded. Fig. 188B is a diagram illustrating, on an enlarged scale, a circular portion of a 
dotted line of Fig. laSA. As shewn, a high numerical aperture can be obtained by selecting the width of the light-shield- 
ing portion (resin 3) 382 of the side of the CF indicated by an arrow to be equal to the widths of the bus lines 31, 32 of 
the TFT substrate 1 7 to which a margin ® is added at the time of sticking the two pieces of subsn-ates together. " 

25 In the SOth embodiment, the resin B is formed last since the transmission factors of the g-. h- arxJ i-rays of photo- 
sensitive wavelengths are resin B > resin R > resin G. ^When the CF resin having a high exposure sensitivity (which may 
be exposed to a small amount of light) and the CF resin which permits photosensitizing wavelength to pass through at 
a large rate, are formed last, the resin of a color formed last remains little on the resins that have been formed already, 
which is desirable. 

30 In general, it is effective if the first color is that of a resin (generally B > R > G in the transmission light) which makes 
it easy to discriminate the posrtion alignment mark of an exposure device, and if the alignment mark is formed together 
with the pixel partem. 

Fig. 192 is a diagram illustrating the structure of the CF substrate according to a 51th embodiment. In the conven- 
tional liquid crystal display device, the BM 3^ of metal film is formed on the glass substrate 16. the CF resin is formed 
35 thereon, and the ITC film is further formed thereon. According to the ninth embodiment, on the other hand, the BM is 
formed on the ITO film. 

In the 51th embodiment, the CF resin C9 is formed by patterning on the glass substrate 15 like in the embodiments 
described above. As required, a transparent flattening member may be applied thereon. Next, a transparent ITO film 12 
is formed, and a light-shielding film 383 is formed on a diagramed portion thereon. For oxample. the ITO film 12 is 

-'0 ;ormeJ by sputtering maintaining a thickness of about 0.1 pm via a mask, and chromium is grown theroon as a light- 
■.'.hielding layer maintaining a thickness of about 0.1 jirn. Furtfiermore. s resist is uniformly applied onto the light-slii eld- 
ing layer maintaining a ihickness of about 1 . ij uin by such a coating method as spin coating, ard the light-shielding lilm 
is exposed to light through a pattern, developed, etched, and is peeled, thereby to form the light- shielding film 383. The 
light-shielding film 383 is ccmpcsed of chromium and is electrically conducting, has a large contact area relative to the 

45 ITO film 12 and makes it possible to lower the resistance of the ITO film 12 over the whole substrate. The ITO film 12 
and the light-shielding film 383 may be formed by any method. According to the conventional method, the ITO film 12 
is formed, and the substrate is annealed and is washed to form the chromium film. According to the 51th embodiment, 
the ITO film 12 and tie chromium film are continuously formed in an apparatus, making it possible to decrease the step 
of washing and. hence, to simplify the steps. Therefore, no film-forming device is required, and the apparatus is realized 

so In a small size. 

Figs. 190A and 190B are diagrams illustrating a modified example of the CF substrate of the 51th embodiment. In 
Fig. 190A, the three CF resins are formed, another resin 384 is formed in a groove in the boundary of the CF resins, 
and the ITO film 12 and tiie light-shielding film 383 are formed. In Fig. 190B. the two CF resins 3SR and 39G are formed 
like in the eighth embodiment explained with reference to Fig. 187. Then, the resin 8 is applied maintaining a thickness 
55 of about 1 .5 ^m, and the substrate is exposed to light from the back surface thereof and is developed to form a flat sur- 
face. Then, the ITO film 12 and the light-shielding film 383 are formed thereon. Since the surfaces of the CF layers are 
flai the ITO film is not cut. and the resistance of the ITO film 12 can be lowered over the whole substrate. 

When a colored resin having a low reflealon factor is used as the resin 384 or 398 under the light-shielding film 
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383. ihe light-shielding portion exhibits a Oecreased ref lecticn factor, and light falling on the liquid crystal display device 
from ;he outer side is less reflected. Furthermore, when a colored resin having a small transmission factor is used as 
the resin 384 or 398 under the light-shielding film 383. the light-shielding portion exhibits a decreased transmission fac- 
tor, enabling the contrast of {he liquid crystal display device :o be enhanced. 

5 In the struaure of Fig. 1908. furthermore, the CF resin 348 is formed requiring no patterning. Therefore, there is 

no need to use an exposure apparatus which is capable of effecting the patterning and is expensive correspondingly, 
and the investment for the faciiities can be decreased and the cost can be decreased, too. 

Fig. 191 is a diagram illustrating a moaified example of the 5lst embodiment. Spacer for controlling the thickness 
of the liquid crystaJ layer are mixed in advance in the resist that is to be applied onto the light-shielding film. After the 

w resist is patterned, therefore, the spacers 45 ara formed on the iight-shielding film that is formed in any shape. This elim- 
inates the step foe disoersing the <^pacers. 

Fig. 192 is a diagram illustrating a CF substrate acccrrli.;g to a 52rd embodiment. According to this em^xxJiment. a 
chromium film is formed on the ITO film 12 and a resist is applied therecn. At rhe tin-^e when the iight-shieluing film 383 
Is to be patterned and exposed to light, the protrusion that works as a domain regulating means is patterned simulta- 

J5 n«scusly therewith. After developing and etching, the resist is not peeled off but is allowed ^o stay. Thus. ^r. insulating 
protrusion 387 that works as a domain regulating means is formed on the CF substrate 16. By using such a CF sub- 
strate, there is realized a panel ot a structure shewn in Fig. 193. 

As described in the 47th embodiment.„CF films are formed on a CF substrate, jhe^CF substrate is coated with flat;, 

ting resin such as acrylic resin so that the surface of the substrate becomes flat, and an electrode of an ITO film is 

20 formed thereon. In some cases, the surface flatting step is omitted in order to simplify the process. The CF substrate to 
which the surface flatting step is not performed is called a CF substrate with no top-coat. The CF substrate with no top- 
coat has grooves formed between respective CF films. The ITO film is formed with a sputtering process. When the ITO 
film is formed is formed on the CF substrate with no top-ccat. it occurs a problem that the ITO layer is rigid on flat sur- 
faces but it is coarse at the grooves because the sputtering process has anisotropy. 

25 Therefore, when material of vertical alignment film is coated or printed, solvent included in the material infiltrates 
into the CF films through the grooves after the coating or printing to a precuring process. The infiltrated solvent remains 
inside the CF layers after the precuring process is completed. The solvent remained inside the CF films generates cra- 
ters on the surfaces of the vertical alignment film. The craters cause display unevennesses. According to the 51th 
embodiment, the light-shielding film provided at the grooves can prevents the infiltration of solvent In a 52th embodi- 
~30 ment. resin provided at the grooves between respeaive CF films are used as protrusions. 

Figs. 251A to 251D are diagrams showing a production process of a CF substrate of the 52th embodiment. Fig, 
251 A shows a CF substrata with no top-coat. The CF films 39R. 39G and 39B are formed, the light-shielding films 34 
are formed under the boundaries of the respective CF films, and the ITO film is formed the CF films. As shown in Fig. 
251 B. a positive resist is coated. As shown in Fig. 251 C. the positive resist is irradiated with ultraviolet light from a sur- 

35 face of the glass substrate, and it is developed. Then, protrusions 3S0 are formed at positions corresponding to the 
light-shielding films 34. The protrusions 390 prevent the infiltration of solvent. Further, the protrusions 390 operate as 
the protrusions 20A of the CF substrate. 

The structures of a liquid crystal display in accordance with the present invention have been described so far. 
E::amples of applicatiions of the liquid aystal display will be described below. 

"^■0 Fig. 1 94 shows an example of a product omploying the liquid crystal display in accordance with the present inven- 
tion, and Fig. 195 is a diagram :;howing the structure of the product. As shown in i'ig. 105. n liquid-crystal panel iCO 
ho.s a display surface t n . and niakes it possible to view a displayed image not only (rom ihe front side but c.lso from 
any ubiique direction defined by a large angle while offering an excellent viewing angle characteristic, a high contrast, 
and good quality but not causing gray-scale reversal. On the back side of the liquid crystal panel 100. there are a light 

•<5 source 1 14 and a light box 1 13 for converting illumination light emanating from the light source 1 14 to light capable of 
illuminating the liquid-crystal panel 100 uniformly. 

As shown in Fig. 194. a display screen 110 of this product is turnable and tl;e product is therefore usable as either 
a sideways display or lengthwise display according to a purpose of use, A switch for use in detecting a tilt by 45° is 
therefore included. By detecting the state of the switch, switching is carried out to select whether display is carried out 

50 for the sideways display or for the lengthwise display. For this switching, a mechanism for changing a direction, in which 
display data is read from a frame memory for image display, by 90* is needed. The relevant technology is well-known. 
' The desaiption of the technology will be omitted. 

An advantage provided when the liquid crystal display in accordance with the present invention is adapted to the 
above product will be described. Since a conventional liquid crystal display permits only a small viewing angle, when a 

55 large display screen is adopted, there arises a problem that a viewing angle relative to a marginal part of the screen 
gets so large that the nnarginal part becomes hard to see. However, a liquid crystal display in which the present inven- 
tion is implemented makes it possible to view a high-contrast image e/en at a large viewing angle without occurrence 
of gray-scale reversal. In the product shown in Fig. 194. a viewing angle relative to a longer marginal part of the display 
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screen becomes large. It has therefcre been imccssible lo adapt a liquid cr'/stal display to this kirxj of product. The liq- 
uid crystal display of ;he present invention permitting a large viewing angle can be adapted to the product. 

The aforesaid embodiments provide liquid crystal cisolays in each of which the orientation of a liquid crystal is 
divided for dividing each domain of the liquid crystal mainly into four regions whose azimuths are mutually different in 

5 increments of 90". and liquid crystal displays m each of wnicn the orientation of a liquid crystal is divided for dividing 
each domain of the liquid crystal mainly into two regions whose azimuths are mutually different m increments of 90". 
This point will be discussed in reiaticn to applications of the present invention. When the orientation of a liquid crystal 
is divided for dividing each domain of the liquid crystal into four regions whose azimuths are mutually different in incre- 
ments of SO**, a good viewing angle characteristic can be exhibited in almost all directions. To whichever directions the 

w orientation i5= r^et, no problem occurs in particular. For example, when the pattern of protrusions shown in Fig. 54 is 
arranged siiown iri Fig. 1S6A relative to a screen, a viewing angle at which display appears well is 30* or more both 
in lateral ma vertical directioi'.s. Even aftai the screen is turned and the patt.?m or protrusions is arranged as illustrated 
on the nght side of Fig. 1S6A, no problem occurs in particular. 

By contrast, when the orientation of a liquid crystal is divided for dividing each domain thereof into two regions 

J5 ■ whose azimuths are Oi^tuBlly different by 130-. the viewing qngle characiei ictic will be impicved relative to the direc- 
tions into which the orierttation is divided but will not be Improved very much relative to directions different from the 
directions by 90*'. When a nearly equal viewing angle charaaeristic is requested to be exhibited in both lateral and ver- 

tical directions, a pattern of protrusions should preferaoly.be. as.5hownjn_r.ig_tS6B..run in an oblique direction in .a* 

screen. 

20 Next, a process of manufacturing a liquid cr/stal display in accordance with the present invention will be described. 
In general, the process of manufacturing a liquid crystal panel comprises, as descnbed in Rg. 197, a step 501 of clean- 
ing substrates, a step 502 of forming gate electrodes, a step 503 of forming an operating layer by applying a continuous 
film, a step 504 of separating devices, a step 505 of applying a protective film, a step 505 of forming pixel electrodes, 
and a step 508 of assembling components which are carried out in that order. For forming insulating protrusions, the 

25 step 506 of forming pixel elements is succeeded by a step 507 of forming protrusions. 

As shown in Fig. 198. the protrusion forming step conprises a step 51 1 of applying a resist, a step of pre-baWng 
the applied resist, a step 513 of exposing a pattern of protrusions so as to leave the positions of the protrusions intact, 
a step 514 of performing d&/elopment so as to remove portions other than the protrusions, and a step 515 of post-bak- 
ing the remaining protrusions. As described above, at the subsequent step of applying an alignment film, there is a pos- 

30 sibility that the resist may react upon the alignment film. At the post-baking step 515. baking should therefore be carried 
out at a high temperature of a certain level. During the baking, if protrusions are curved to have a cylindrical section, 
the stability of alignment will increase. 

Even when dents are formed as a domain regulating means, nearly the same process as the foregoing one is 
adopted. However, when electrodes are slitted. a pattern having slitted pixel electrodes should merely be created at the 

35 pixel electrode forming step 506 in Fig. 197. The protrusion forming step 507 becomes unnecessary 

What is described in Fig. 198 is an oxanriple of drawing a pattern of protrusions using a photosensitive resist. The 
pattern of protrusions may be printed. Fig. J 99 is a diagram showing a technique of drawing a pattern of protrusions by 
performing letterpress printing. As shown in Fig. 199. a pattern of protrusions is drawn on a flexible relief plate 604 
made of an .^PR rosin. The relief plate is in turn fixed to the curface of a large roller 603 referred to as a plate cylinder. 

40 'iTiQ plaie cylinder is rotated while being interlocked with an anilox roller 605. a doctor roller 606. and a printing stago 
(502. A jjolyimide resin solution used to form protrusions is dropped onto ihe anilox roller 605 by a dispenser *307. ^xid 
'jproad '^y cho doctor roller 506 lo !39 developed uniformly over the anilox roller G05. The developed resin colution Iz 
:ransfcrred to the relief plate 504. The solution j-ansferred to the raised por'cion of the relief plate 604 is transferred to a 
substrate 509 on the priming stage 502. Thereafter, baking or the like is carried out Various techniques of drawing a 

rf5 microscopic pattern by printing have been employed in practice. If a pattern of protrusions can be drawn using any of 
the techniques, the pattern of protrusions can be drawn at low cost. 

Next, injection of a liquid crystal into a lie uid -crystal panel to be performed after upper and lower substrates are 
bonded will be described. As described in conjunction with Rgs. 1 8A and 1 88, at the step of assembling components 
to produce a liquid -crystal panel, after a CF substrate and TFT substrates are bonded, a liquid crystal is injected. A VA 

50 type TFT LCD has cells whose thickness is small. It takes much time to inject a liquid crystal. Since protrusions are 
formed, it takes much more time to inject the liquid crystal. It is therefore requested to shorten the time required for 
injeaing the liquid crystal as much as possible. 

Fig. 200 is a diagram shewing the configuration of a liquid-crystal injection apparatus. The details of the apparatus 
will be omitted. An injeaion connector 615 is attached to a liquid-crystal injection port of a liquid-crystal panel 100. and 

55 a liquid crystal is supplied from a liquid -crystal defoamer and pressurizer tank 614. Concurrently, an exhaust connector 
618 is connected to a I'tquid-crystal exhaust port, and the pressure in the liquidHirystal panel 100 is reduced using a vac- 
uum pump 520 for deaeration so that a liquid crystal can be injected readily. A liquid aystal exhausted through the 
exhaust port is separated from an air by a liquid-crystal trap 619. 
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In the first ernoociment. as srcwn m rigs. ISA ana 138. the protrusions 20 are linear and running in a cirecion 
parailel to the long siae o* the panel 100. The liquid crystal miection port 102 is formed on a short side of the panel ver- 
tical to the protrusions 20. while the exhaust ports !03 are tormed on the ether short side thereof opposite to the side 
on which the injection pert 102 is formed. Ukewise. as shown in Figs. 201 A and 20 1B. when the protrusions 20 are lin- 

5 ear and running in a direcicn parailel to the short side of the panel 100. preferaoly. the liquid-crystal injection port 102 
is formed on one long side of the panel vertical to the protrusions 20. and the exhaust ports \Q2 are formed on the other 
long side thereof opposite to the long side on which the injection port 102 is formed. Moreover, as shown in Figs. 202A 
and 202S, when the protrusions 20 are zigzagged, the liquid-crystal injection port 102 is preferably formed on a side of 
the panel vertical to a direction in which the crctrusjons 20 are -extending. As shewn in Figs. 203A and 203A. the 

JO exhaust ports 103 are preferably termed on a side cf the panel opposite to the side on which the injection port 102 is 
formed. 

During injec::Oii of a iiqnd cystal. foams may bo mixed in the liquid crystai. Once foarris are mixed i.n a liquid crys- 
tal, imperfect display ensues. Assuming that a negative liquid cryntal and a vertical alignment film are emoloyed, when 
no voltage is applied, black display appears. Even if foams are mixed in the liquid crystal, black display appears in areas 

K coincident with the foams. The mixing of foams canno: therefore be discovered in this state. A voltage is applied to et'^c- 
trodes so that \».'hite oisplay will appear. When black display does not appear in any area, it is confirmed that no foam 
has mixed in the liquid crystal. However, since there is no electrode near the liquid-crystal injection port, even if foams 

are mixed in a portion of thje [iquid crystal nearjhe liquid -crystal injection pert, the n^ams cannot be discovered. If foams 

are present in this portion of the liquid crystal, there is a fear that the foams will be dispersed to deteriorate display qual- 

20 ity. Even the foams near the injection port must therefore be discovered. In a liquid crystal display of the present inven- 
tion, therefore, as shcv^n in Rg. 207. an electrode 120 is formed near an injection port 101 outside a display area 121 
and the black matrices 34 so that mixing of foams in this portion of a liquid crystal can be detected. 

As explained above, the VA system liquid crystal display device using the domain regulating means such as the 
protrusion arxl the recess, the slit. etc. does not require the rubbing treatment. Therefore, contamination in the manu- 

25 facturing process can be drastically reduced, and a part of the washing process can ba omitted. However, the negative 
type (n type) liquid crystal used has lower contamination resistance to organic materials, particularly to polyurethane 
resin and the skin, than the positive type liquid crystal that is ordinarily used, and involves the problem that display 
defect occurs. Tnis display defect presumably results from the drop, of the specific resistance of the contaminated liquid 
crystal. 

30 Therefore, examinations are first made as to which size of the polyurethane resin and the skin causes this display 
defect. Figs. 205A to 205C show the VA system liquid crystal panel. After the vertical alignment film is formed on the 
two substrates 16 and 17. several polyurethane resins having a size of about 10 |im are put on one of the substrates. 
After the spacers 45 are formed on one of the substrates and the seal material 101. on ihe other, the substrates are 
bonded to each other, and the panel is manufactured by charging the liquid crystai. As a result, it is found out that the 

zs polyurethane resin 700 expands to an area of 1 5 ^im square by heat and by the formation of the cell thickness (cell gap), 
and the display defect due to contamination of the liquid crystal is recognized -."/ithin the range of 0.5 to 2 mm with ;hc 
polyurethane resin 7C0 as the center. 

rtg. 206 Shows the result of the investigation of the contamination area of the liquid crystal by changing the z\t.q rj 
the polyurethane resin 700. Assuming that no problem occurs when the display has a size of not greater than 0.3 i:^-^ 

40 Gquare on ihe panel, the size of the polyurethane resin must be not greater than 5 um. ITiis also holds true of the sldn. 
As described :*ibcve. the poJyurethane rrjsin ?.nd the skin lower -he f-pecinc rnsistance of the liquid crystal, liiarr:'-// 
inviting the display defect. Therefore. Ihe rela'iiunship between the mixing quantity of the polyuroihane resin :x\6 Im-j 
drop of the specific resistance is examined. Fig. 207 shows the calculation result of frequency dependence of an equiv- 
alent circuit of the liquid crystal pixel shown in Fig. 208 by assuming the gate-on state. This graph shows the change of 

45 the effective voltage to the frequency when the resistance is 9.1 x 10^.9.1 x io^^. 9.1 x 10'^ and 9.1 x 10^^ in the equiv- 
alent circuit of the liquid crystal pixel. It can be appreciated from the graph that the drop of the resistance value of the 
liquid crystal causes the drop of the effeaive voltage. It can be appreciated further that abnormal display occurs at the 
drop of the specific resistance of at least 3 digits within the frequency range of 1 to 60 Hz that is associated with the 
practical display 

50 Figs. 208 and 209 are graphs showing within which time the charge once stored is discharged when the resistance 
is 9.1 X 10^°. 9.1 X 10^' and 9.1 x 10^^. respectively by assuming the state where the liquid crystal pixel holds the 
charge. For reference, an example of the case where only the alignment film exists is shown, too. Because the align- 
ment film has a large resistance and a large time constant, it hardly contributes to discharge phenomenon. Fig. 209 
shows in magnification the portion below 0.2s in Fig. 208. It can be seen from this graph that when the liquid crystal 
55 resistance is lower by at least two digits, a black smear starts occurring at 60 Hz. 

It can be understood from the observation described above that the problem d9/elops when the resistance drops 
by two to three digits due to the polyurethane resin and the skin. 

Next, after phenyl urethane is charged into the liquid crystal, a ultrasonic wave is applied for 10 seconds and the 
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liquid crystal is thereafter left stanoing so as to measure rtie specfic resistance Qi the supernatant. 11 is taund out from 
the result that the specrfic resistance drops drastically when the mixing quantity Qi the poiyurethane resin is about 
1/1000 m terms of a nrxjlar ratio. 

It IS concluded from the explanation described above that ncn-unifcrm display dees not occur at the level at whic^ 

5 the mixing quantity of the poiyurethane and the skin is not greater than i/IOOO in terms of the molar ratio. 

The emDOdiments of panels according to the present invention tn which directions of alignment of liquid crystalline 
mclecules are divided by the domain regulating means have been described so far As already described, it is known 
that optical retardation film are available for improving the view angle performance. Next, embodiments regarding char- 
acteristics and arrangements cf the retardation films will be described. The LCD panels of these em.bociments have 

to protrusions shown in Fig. 54. Namely, in the VA LCD panel, the directions cf alignment of liquid crystalline mclecules 
are divided into four sreas in each pixel. 

Fig. 21 G is a diagram showing a constitution of a prior art VA LCD. A space formed between two elearocied 12 ICi 
is sealed with a liquid crystal matorial. Thus a liquid crystal panel is completed. As snc-//n in Fig. 210. a first polarizing 
plate 1 1 and a second polarizing plate 15 are arranged at both sides of the panel. !n the VA LCD. vertical alignment 

:5 filnii are formed on ihe electrodes and the liquid crystal has negative dielectric constant ar.:cotorcpy. The rubbing airec- 
tions of the two vertical alignment films are different each other by 180 degrees. Further, the rubbing dirscscns inter- 
sects with t'na absorption axis of the polarizing plates. Namely, the VA LVD panel is that shown in Figs. 7 A to 7C. Fig. 
21 1 shows isocontra st cun /es. Fig. 212 shows viewing angle regions, in each of which gray-scale reversal occurs during J 
an eight-gray-scale level driving operation in such a case. From these results, contrasts at directions of 0". 90". 180* 

20 and 270* are low and the gray-scale reversal occurs in wide view-angle. 

Fig. 213 shows a constituiicn of a VA mode LCD device in which protrusion patterns as illustrated in Rg. 54 are 
formed. 

Fig. 21 «i shows iso-contrast curves in the case of the LCD device shown in Ftg. 213. Further. Fig. 215 shows view- 
ing angle regions, in each of which gray-scale reversal occurs during an eight-gray-scaie-level driving operation, in the 
25 case of such a liquid crystal display device. These figures reveal that although the gray-scale reversal is improved in the 
case of this device as compared with the case of the conventional device of the VA (vertically aligned) type, the improve- 
ment on the gray-scale reversal is insufficient and that the contrast is not improved very much. 

Applicant of the present application disclosed in Japanese Patent Application No. 8-41926/1 996 and Japanese Pat- 
ant Application Nos. 9-29455/1997 and 8-259872/1996. whose priority is based on the Japanese Patent Application No. 
30 3-41 926/1 996 that the viewing angle characteristics of a liquid crystal display device of the VA type, on which the align- 
ment division is performed by rubbing, are improved by providing an optical retardation film (namely, a phase difference 
film) therein. Tnese Japanese Patent Applications, however, do not refer to the cases of performing the alignment divi- 
sion by protrusions, depressions (or dents) or slits respectively provided in pixel elecirodes. 

In the following, conditions for further improving the viewing angle characteristics of a liquid crystal display device 
35 Qi the VA type, which is adapted to perform the alignment division in each pixel through the use of protrusions, depres- 
sions or slits provided in the pixel electrodes, by providing an optica] retardation film therein will be described. 

First, the optical retardation film used in the de/ice of the present invention will be described hereinbelow by rof er- 
ring to Fig. 216. As illustrated in Fig. 216, let and ny designate dielectric constantes (or indices) respectively corre- 
sponding to inplane directions defined in a surface of the film, further, let n^ denote a dielectric constant in the direction 
^ 'jf thickness thereof. 1*he followinn relation among the dielectric constantes n,, iiy ctnd liolds in the phase difference 
-.ilm to be used in the device nf the present invention: n^, \\ ^ n^. 

Incidentally, an optical retardalion film, in which tiie foliO'.viriQ »ulation iiolcis: 



45 



has optically positive uniaxiality therein. Hereunder, such a phase difference film will be referred to simply as a positive 
uniaxial film. Axis extending in a direction corresponding to a larger one of the dielectric constantes n, and hy is referred 
to as a phase lag axis. In this case, ) Thef efore. the axis extending in the x-direction is referred to as the phase 
50 lag axis. Let d designate the thickness of the film. When light passes through this positive uniaxial film, the following 
phase difference (or optical retardation) R is caused in an inplane direction: R = (n • n y)d . Hereinafter, the "phase drf- 
ferenca caused by the positive uniaxial film" indicates a phase difference caused in an inplane direction. 
Moreover, a phase difference film, in which the following relation holds: 
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has optically negative uniaxiality in the direction of a normal to the surface thereof. Hereunder, such a phase difference 
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film will be referred to sinipiy as a negative uniaxial film. Let d designate the thickness of the film. When tight passes 
through ihis negative unia;<ial film, the following phase difference R is caused in the direction of the thickness thereof: 
R » ((n ^ + n .^)/2 - n j)d . Hereinafter, the 'phase difference caused by the negative uniaxial film" indicates a phase dif- 
ference caused in the direaion of the thickness thereof. 

5 Furthermore, a phase difference film, in whicn the following relation holds: n, ) n^ ) n,. has (optical) biaxiality. Here- 

under, such a phase difference film will oe referred to simply as abiaxial film. In this case, ) n^ Therefore, the axis 
extending in the x-'jirection is referred to as the phase lag axis. Let d designate the thickness of the film. When light 
passes through this positive uniaxial film, the following phase difference R is caused in an inplane direaion: 
R a (n • n .^)d (Incidentally, ) n^). Further, the phase difference R caused in the direction of the thickness thereof is 

10 predetermined by the following equation: 

R-un^ + n.py2«nj)d. 

Fig. 217 is a diagram shewing the constitution of a liquid crystal display device which is a 5*th embodiment of the 
ts oresem inverition. 

Color filter and a common elecrode (namely, what is called a full-surface covering electrode) are formed on the liq- 
uid-crystai-side surface of CF (Color Filter) substrate that is one of substrates 91 and 92. Further. TFT elements, bus 

lines and pixel elearodes are formed on the liquid-crystal-side surface of TFT substrate _th_at is the ot her of the su b- 

strates 91 and 92. 

20 Vertical alignment film is formed on the liquid-aystal-sida surfaces of the substrates 91 and 92 by applying a verti- 
cal alignment material thereto through transfer printing, and by then burn the material at 180'C. Subsequently, a posi- 
tive photosensitive overcoating (or protecting) material is applied onto the vertical alignment film through spin coating. 
Then, a protrusion pattern shown in Fig. 54 is formed by performing prebaWng. exposure and postbaking. 

The substrates 91 and 92 are bonded together through a spacer having a diameter of 3.5 pm. Further, a space" 

25 formed therebetween is sealed with a liquid aystal material having negative dielectric constant anisotropy. Thus a liquid 
crystal panel is completed. 

As illustrated in Fig. 217. the liquid aystal display device, which is the 52th embodiment of the present invention, 
is constituted by placing a first polarizing plate 1 1. a first positive uniaxial film 94, two substrates 91 and 92. a second 
positive uniaxial film 94 and a second polanzing plate 15 therein in this order incidentally, the first and second uniaxial 

30 films 94 are placed so that the phase lag axis of the first positive uniaxial film 94 intersects with the absorption axis of 
the first polarizing plate 1 1 at right angles. 

Fig. 218 shows iso-contrast curves in the case that each of the phase differences Rg and respectively con^.- 
spending to the first and second positive uniaxial films 61 of the 52th embodiment is set at 1 10 nm. Further. Fig, 219 
shows viewing angle regions, in each of which gray-scale inversion occurs during an eight-gray-scale-level driving oper- 

35 ation in such a case. As is apparent from the comparison with Figs. 214 and 215. a range, in which high contrast is 
obtained, is enlarged extensively, with the result that the gray-scale reversal does not occur in the entire viewing angle 
region. Consequently, the viewing angle characteristics are considerably In^roved. 

incidentally, the viewing angle characteristics were studied by changing the retardation Rq and in various ways 
in the case of the constitution of Fig. 217. Process of studying the viewing cingle was as follows. First, while changing 

to the phase differences Rq and R^. an angle at v/hich the contrast (ratio) was 10. was found in each of an itpper right 
direction (corresponding to an azimuth single .if 45' towards the right top), nn crpper left direction (con-csponding to r.n 
azimuth angle of 135' towards the left top), a lower left direction (corresponding to r.n azimuth angle of r.25'' towards 
the left bottom) and a !ower right direction (corresponding to an azimuth angle of 315' towards the right bottom) with 
respect to the liquid crystal panel, as viewed in this figure. Fig. 220 is a contour graph showing each contour that con- 

45 nects points, each of which is represented by coordinates Rq and R, thereof and corresponds to the found angle having 
a same value. Incidentally, the contour graphs respectively corresponding to the upper right direction, the upper left 
direction, the lower left direction and the lower right direcJon were the same with one another. It \z considered that this 
was because four regions obtained by the alignment division were equivalent to one another as a result of using the 
protrusion pattern shown in Fig, 54. 

50 In the case of Fig. 21 7, the angle, at which the contrast ratio is 10 in each of the directions respectively correspond- 
ing to the azimuth angles 45". 135*. 225' and 315'. is 39". This reveals that the use of the optical retardation film is 
effeaive in the case of the combination of the coordinates Rg and R^ shown in Fig. 223. Incidentally, in the case illus- 
trated in Fig. 223. the angle, at which the contrast ratio is 10. is not less than 39° when Rq and R, meet the following 
conditions or requirements: 

55 

R , S 450nm - Rg. Rq - 250 nm 5 R^ ^ Rq + 250 nm. G^Rq andO^R,. 
Additionally, the retardation An * d caused in a liquid crystal was changed within a piratical range. Moreover, the 
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twist angle was changed wrthin a range of 0 to 90". Similarly, rhe optimum conditions for Rq and fl| were obtained. As 
a result, it was ascertained that the optimum conditions were the same as the aforementioned requrrements even in 
such cases. 

Fig. 221 is a diagram showing the constitution of a liquid crystal display device which is a 53rd emtiodiment of the 

5 present invention. This embodiment is different from the 52nd embodiment in that two positive uniaxial films, namely, 
first and second positive uniaxial films 94 are placed between the first polarizing plate n arxl the liquid crystal panel, 
that the phase lag axes of the two positive uniaxial films 94 intersect with each other at right angles and that the phase 
lag axis of the second positive uniaxial film adjoining the first polarizing plate 1 1 intersects with the absorption axis of 
the first polarizing plate 1 1 at right angles. 

10 Fig. 222 shows iso-contrast curves in the case that the phase differences Rq and respectively corresponding to 
the fi.'^t and second unsi'jve uniaxial films 61 of the 52nd embodiment are set at 1 10 nm and 270 nm. respectively. Fur- 
ther. Fig. 223 sI^ows vtv>wing angle regions, in eacn of which gray-scale inversion 0Cv':urs during an eight-gray-scale- 
le^el driving operation in such a case. As is obvious from the co»T(parison with Figs. 214 and 215. a range, in which high 
contrast is obtained, is enlarged extensively. Moreover, the range, in which the gray-scale reversal occurs, is greatly 

IS reduced. Consequently, the viewi.ig ?ngle characteristics ara considerably improved. 

Fig. 224 shows the viewing angle characterictics obtained as a result of being studied by changing the ph^ise dif- 
ferences Rq and R^ of the first and second uniaxial films 94 in various ways in the case of the constitution of Fig. 221. 

similarly, as .in. the case of the 52th embodiment. Jhe viewing.angle characteristics shown in_Fig. 224 are the same as 

of Rg. 220 and are illustrated by a contour graph showing angles, at which the contrast ratio is 10. in terms of coordi- 

20 nates Rq and R^. As is seen therefrom, the angle, at which the contrast ratio is 10, is not less than 39** when Rq and R, 
meet the following conditions or requirements: 

2Rq - 170 nm ^ R, ^ 2Rq -t.280 nm. 

25 R , 5 • Ro/2 + 800 nm, O^Rq i- 

Further, it was ascertained that the optimum conditions were the same as the aforementioned requirements even 
in the cases v/here. similarly, in the case of the 53th embodiment, the retardation -d caused in a liquid crystal was 
changed within a practical range and where, moreover, the twist angle was changed within a range of 0 to 30". 
'30 " ' Rg. 225 is a diagram showing the constitution of a liquid crystal display device which is a 54th embodiment of the 
present invention. 

This embodiment is different from the 52th embodiment in that the first negative uniaxial film 05 is placed betwf:en 
the liquid crystal panel and the first polarizing plate 1 1 and that the second negative uniaxial film 95 is placed between 
the liquid crystal panel and the second polarizing plate 15. 
35 Rg. 226 shows the viewing angle characteristics obtained as a result of being studied by changing the phase dif- 
ferences Rq and R^ in various ways in the case of the constitution of Rg. 225. similarly as in the case of the 52th embod- 
iment. The viewing angle characteristics shown in Rg. 226 aro the same as of Rg. 220 and are illustrated by a contour 
graph showing angles, at which the contrast ratio is 10, in terms of coordinates Rq and R^. As is seen therefrom, t^e 
angle, at which the contrast ratio is 10, Is not loss than 39" v/hon Rq and R^ meat the following condition or roquiromcnt: 

-'0 

no-:-rti .^i'OOiuv:. 

Incidentally, similarly, in the ccsq of the 54th embodiment, the rotardation An • d caused in a liquid crystal and \ho 
upper limit to the optimum condition were studied by changing the retardation An • d within a practical range. Fig. 227 
45 illustrate results of this study. Let B^q denote An • d caused in the liquid crystal. Consequently, the optimum value in the 
optimum condition for a sum of the phase differences respectively corresponding to the phase difference films is not 
more than (■I.7xRlc + 50) nm. 

Further, although this characteristic condition relates to the contrast (ratio), the optimum condition for the gray-scale 
reversal was similarly studied. Angles, at which gray-scale reversal occurs, were found by changing the phase differ- 
so ences Rq and R, in the direction of the thickness of the first and second negative uniaxial films 95 in various manners 
in the constitution of Rg. 225. similarly as in the case of the contrast ratio. Rg. 228 shows contour graphs obtained from 
the found angles, which is illustrated by using the coordinates Rq and R,. Incidentally, the angle, at which the gray-scale 
reversal occurs in the case illustrated in Fig. 215. is 52''. Thus, when the phase differences Rq and R, have values at 
which the angle enabling an occurrence of the gray-scale reversal is not less than 52* in the case illustrated in Fig. 228. 
55 the phase difference film has an effect on the gray-scale reversal. In the case shown in Rg. 228, the angle, at which the 
contrast ratio is 10. is not less than 39" when Rq and R^ meet the following condition or requirement: 

R Q + R , 5 345 nm. 
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Then, m the case of the 54th embodiment, the relation between caused in a liquid crystal (display) ceil and 
the upper lirr.u lo tr\e cpumum condition was studied by cnanging the retardation -^n - d wMhin a praaical range, rig. 229 
illustrate results oi this study. This reveals that the upper limit to the optimal condition is nearly constant independent of 
4in -d caused in the liquid crystal cell and that the optimum condition for a sum ct the phase differences respectively 
5 corresponding lo the pnase difference films is not more than 350 nm. 

It (S desiradie that the angle, at which the contrast ratio is not less than SO**. Further, in view of the gray-scale 
reversal and <in • d caused in the liquid crysiai ceii. it is preferable that a sum of the phase differences respectively cor- 
responding to the phase difference films is not less than 30 nm but is not more than 270 nm. 

Moreover, as a result of studying the optimal condition by changing the r^ist angle in a range of 0 to SO", it is found 
to it'SX the optimum condition was the same as the aforementioned requirement 

A 55th emcociment of the pre<t'ent invention is obtained by removing one of the first and second negative uniaxial 
films 95 from the constitutiori of the I quid crystal display device of f^g. 223. which is tt:e third embodiment of the present 
invention. 

F'Q. 230 shows iso-ccntrast curves in the case that the phase difference corresponding to one of the negative 
IS uniaxial iurrs S5 of the 55th embodiment is sc^ at 200 nm. Kuit.'ier, Fig, 231 sJ'.cws viewing angle regions. In each of 
which gray-scale inversicr: occurs during an eight-gray-scale-level driving operation in such a case. As Is obvious from 
the comparison with Figs. 214 and 215. a range, in which high contrast is obtained, is enlarged extensively. Mcrecver. 

the range, in which the gray-scale reversal occurs, is greatly reduced. ConsequentlyJbe. vLewing^arisLa characteristics 

are considerably improved. Moreover, the optimal condition for realizing the contrast ratio of 10 and the optimal condi- 
20 tion for the gray-scale reversal were studied. Results of this study reveal that it is sufficient to use a single negative 
uniaxial film having the phase difference corresponding to a sum of the phase differences of the negative uniaxial film^ 
of the 54th embodiment. 

Each of 56th to 58th embodiments of the present invention uses the combination of positive and negative uniaxial 
films. Although there are various kinds of modifications to the arrangement of such films, it has been found that the con- 
2S stitutions of the fifth to seventh embodiments have (advantageous) effects. 

Fig. 232 is a diagram showing the constitution of a liquid crystal display device which is a 56th embodiment of the 
present invemion. 

The 56th embodim.ent differs from the 52th embodiment in that a negative uniaxial film 95 is used and placed 
between the liquid crystal panel and the first polarizing plate 1 1 instead of the first positive uniaxial film 94. 

30 Fig. 233 shews iso-contrast curves in the case that the phase difference Rq in an inplane direction in the surface of 
the positive uniaxial film 94 and the phase difference in the direction of thickness of the negative uniaxial film 95 are 
Get at 1 50 nm in the 56th embodiment. Further. Fig. 234 shows viewing angle regions, in each of which gray-scale inver- 
sion occurs during an eight-gray-scale-ievel driving operation in such a case. As is obvious from the comparison with 
rigs. 214 and 215. a range, in which high contrast is obtained, is enlarged extensively. Moreover, the range, in which 

3S the gray-scale reversal occurs, is greatly reduced. Consequently, the viewing angle characteristics are considerably 
improved. 

In the case of the 56th gmbodiment. the optimal condition for the contrast was studied. Fig. 235 shows results of 
this study, which reveal that the optimum condition indicated by Fig. 235 was the same as illustrated in Fig. 5>20. 

rig. 236 is a diagram showing the constitution of a liquid crystal display device which is a 57th embodiment of Iho 
'0 prosent invention, ""his embodiment is different from the 52th ombodiment in that a positive uniaxial films 61 are placed 
*;2twoen the liquid crystal panel tmd Ihe first polarizinn plate 1 1 ind that a negative uniaxial film 95 is placed botv.'een 
;his positive uniaxial film 94 and the fimt polarizing plate 1 1 . "ihr^ positive uniaxial film 94 is placod in such a manner L^at 
the phase lag axis thereof intersects with the absorption axis fjf the first polarizing plate 11 at light angles. 

Fig. 237 shows iso-contrast curves in the case that the phase difference Rq in an inplane direction in the surface of 
^5 the positive uniaxial film 61 and the phase difference R, in -Jie direction of thickness of the negative uniaxial film 62 are 
set at 50 nm and 150 nm in the 57th embodiment, respectively. Further. Fig. 238 shows viewing angle regions, in each 
of which gray-scale inversion occurs during an eight-gray-scale-level driving operation in such a case. As is obvious 
from the comparison with rigs. 214 and 215. a range, in which high contrast is obtained, is enlarged extensively. More- 
over, the range, in which the gray-scale reversal occurs, is greatly reduced. Consequently, the viewing angle character- 
so istics are considerably improved. 

Even in the case of the 57th embodiment, the optimal condition for the contrast was studied. Fig. 239 shows results 
of this study, which reveal that the optimum condition indicated by Fig. 239 was the same as illustrated in Fig. 220. 

Fig. 240 is a diagram showing the constitution of a liquid crystal display device which is a 58th errbodiment of the 
present invention. This embodiment is different from the 52th embodiment in that a negative uniaxial filnns 95 are placed 
55 between the liquid crystal panel and the first polarizing plate 1 1 and that a positive uniaxiai film 94 is placed between 
this negative uniaxial film 95 and the first polarizing plate 11. The positive uniaxial film 94 is placed in such a manner 
that the phase lag axis thereof Imersects with the absorption axis of the first polarizing plate 1 1 at right angles. 

Fig. 241 shows iso-contrast curves in the case that the phase difference Rf in an irplane direction in the surface of 
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the positive uniaxial film 94 and ttie phase difference flo 'n the cirecion of thickness of rhe negative uniaxial film 95 are 
set at 150 nm in the 56th emCodiment. Further. Fig. 242 shews '/lewing angle regions. :n each ci which gray-scala inver- 
sion occurs cJunng an eigm-gray-scSle-ievel driving operation In sucn a case. As -.s ct:vious (rem 'S\e corrpanscn with 
Figs. 214 and 215. a range, in which high contrast is oOtained. is enlarged er.enstvely. Moreover, the range, m wnich 
s the gray-scale reversal occurs, is greatly reduced. Consequently, the viewing angle characteristics are ccnscerafcly 
improved. 

Even in the case of the 53lh embodiment, the optimal conditiou for the contrast was studieo. Fig, 243 shcso results 
of this study, which reveal that the optimum condition indicated by Fig. 243 was :he same as illusa-ated in Fig. 220. 
Fig. 244 is a diagram showing the constrtuticn of a liquid crys'^al display device wnich is an 59th emijodiment of the 
10 present invention. 

This embodiment is different from the 52nd embodiment in that a phase dirf^ence fiim ^e. whose inplane dielectric 
constantes n, and n^ arxj dielecn'ic constant i, in the direcnon of tnio'jiess thereo.'have ti^e fcllcwing relaticn: n^. 2r 
n^. is placed between the liquio crystal panel and the first polarizing plate 1 1 ano that a positive uniaxial fiim 94 is 
removed *rom between the liquid crystal panel and the second polarizing plate 15. The pnas#» difference film 96 is 
ts placed in suct» ? manner that li ic x-axis thereof '.ntersec with the absorption axis or the first pcianzii .g plate 1 1 at right 
angles. 

Fig. 245 shews iso-ccntrast cun/es in the case that the .-t-axis is employed as the phase lag axis of the phase drf- 

ference.fiim.96. namely, n^) Oy.and that the phase_drfference in an inplane.direcion in the surface of the film and the 

phase difference in the direction of thickness thereof are set at 55 nm and ISO nm. respeaively. in the 59lh emcodi- 
20 ment. Further. Fig. 246 shows viewing angle regions, in each of wnich gray-scaJe inversion occurs curing an sight-gray- 
scale-level driving operation in such a case. As is obvious from the comparison with Figs. 214 arxj 215. a range, in 
which high contrast is obtained, is enlarged extensively. Moreover, the range, in which the gray-scale reversal occurs, 
is greatly reduced. Consequently, the viewing angle characteristics are considerably improved. 

tncidemally. quantities R,y and Ryj are defined as follov/s: R = (n , - n y)d ; and R = (n ^ •n^)6. In the case of 
25 the 59th embodiment, the optimal condition for the comrast (ratio) was studied by changing the quantities R^jy and Ry^ 
in various ways. Fig. 247 shows the found optimal condition for the contrast. The optimum condition shown in Fig. 247 
was the same as the aforementioned condition (of Fig. 220). except that Rq and correspond to R^y ^yz* respec- 
tively. These results reveal that the angles, at which the contrast ratio is 10, are not less than 39** '^en the quantities 
R^Y and Ry^ satisfy the following conditions: 

R^ • 250 nm ^ Ry^ S R,, + 150 nm, 

R.^ S -R^ ^'.OOOnm, 

35 O^Ryj andO^R^^. 

Incidentally, let Rq and R^ denote the phase difference in sn inplane directicn of tho phase difference film 96' and 
the phase difference in the direction of thickness thereof, respeaively. Thus* the following relations hold for ;hose phnso 
differences: 

H,, n (n ^ • ny)d « • rtyj ..; (in ihe cnso that n^ ^ r.^y. 
'^0 y ' "x)^ " 'Sz * ^*^« '^^ ^"^^^ that n^ > .V.J; 

45 and 

Ryz = ((n* + ny)/2 - n,)d = (R„ • R,^)/2. 
Therefore, the optimal conditions for R^z and Ry^ are written as follows: 

50 

R Q^250 nm. R , s500 nm. 

Namely, it is desirable that the inplane phase difference is not more than 250 nm and the phase difference in the 
direction of thickness of the film is not more than 500 nm and that the biaxial phase difference film is placed so that the 
55 phase lag axis thereof intersects with the absorption axis of the adjacent polarizing plate at right angles. 

As a result of studying the relation between the retardation An • d caused in a liquid cryral ceil and the upper limit 
to the optimal condition by changing the retardation <in • d in various way within a practical range, it was found that the 
optimal condition for the phase difference in an inplane direction was not more than 250 nm regardless of the retarda- 
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tion caused in a liquid crystal cell. In contrast, the phase difference in the direction of thickness depends on the 
retardation An • d caused in a liquid crystal cell: Fig. 248 shows the results of the study on the relation between the retar- 
dation sn -d caused in a liquid crystal cell and the upper limit to the optimal range of the phase difference in the direc- 
tion of thickness of the film. Let Ri_c denote An -d caused «n the liquid crystal. Consequently, it is conduded that the 
5 optimum value in the optima] condition for the phase difference in the direction of thickness of the phase difference film 
is not more than (l.TxR^c + 50) nm. 

Incidentally, the optimal condition in the case of a configuraiicn, in which a plurality of phase difference films 36 
were placed in at least one of spaces formed ber<ween the liquid crystal panel and one of the first polarizing plate 1 1 
and the second polarizing ptate 1 5. which were provided at one or both of sides of the liquid crystal panel, and between 
to the liquid crystal panel and the other thereof was studied similarly .^s a result, it was found that the optimum condition 
was the case where the phase difference in the Inplane directiori of 'iach of the phase difference films 96 was not more 
than 2E0 nm and tha? a sum of the phdse differences in the oiiection of thickness of the phase difference films 96 was 
net rn ore than (1 ./xR^c + 50) pm. 

Further, as a result of studying the optimal condition similai-ly by changing the twist angle in a range of 0 to W. it 
15 was tound that the optimum condition was the same as the aforememitined raquirement 

A positive uniaxialfilm 

fr^y- IV-*- y-7 — 

20 

a negative uniaxial film 

(^x = > - 

25 

and a biaxial film (n, ) "y ) n J are employed as the film 96. Namely, a single or a combination of such films may be 
used. 

In the foregoing description, there has been described the optimal conditions for the phase difference film in the 
case that alignment division is performed in a pixel by providing rows of protrusions on the liquid-crystal-side of each of 
30 the two substrates composing the liquid crystal panel. However. 9/en in the case of performing the alignment division 
by using depressions or slits formed in the pixel electrodes, the viewing angle characteristics can be inproved on the 
sifnilar conditions. 

Further, in the present specification, the polarizing plates have been described as ideal ones. Therefore, it is obvi- 
ous that the phase difference (incidentally, the phase difference in the direction of thickness of the film is usually about 

35 50 nm) caused by a film (namely, TAG (cellulose triacetate) film) protecting a polarizer should be synthesized with the 
phase difference caused by the phase difference film of the present invention. 

Namely, the provision of the phase difference film may be omitted apparently by making TAG film meet the condi- 
tions according to the present invention. I lowever. in this case, needless to say. such TAG film performs as '.veil r.s the 
phase ciifferenca film of the present invention, which should be added to the device, does. 

^0 The embodiments in which the present invention is implemented in a TFT liquid crystal display have iyeen 
described. The presont invention can also be implemented in liquid crystal displays of other types. For vxample, iho 
present iiwention ciin bo implemented in a MOSFHT LCD of a reflection type but not of \he TFT type or in a mode using 
a diode such as a MIM device as an active device. Moreover, the present invention can be implemented in both a TFT 
mode using an amorphous silicon and a TFT mode using a polycrystalline silicon. Furthermore, the present invention 

45 can be implemented in not only a transmission type LGD but also a reflection type or plasma-addressing type LCD. 

An existing TN LCD has a problem that it can cover only a narrow range of viewing angles. An IPS LGD exhibiting 
an improved viewing angle characteristic has problems that a response speed it can offer is not high enough and it can- 
not therefore be used to display a motion picture. Implementation of the present invention can solve these problems, 
and realize an LGD exhibiting the same viewing angle characteristic as the IPS LCD and offering a high response speed 

50 surpassing the one offered by the TN LGO. Moreover, the LGD can be realized merely by forming protrusions on sub- 
strates or slitting electrodes, and can therefore be manufactured readily. Besides, the rubbing step and after-rubbing 
cleaning step which are required for manufacturing the existing TN LCD and IPS LGD t>ecome unnecessary. Since 
these steps cause imperfect alignment, an effect of improving a yield and product reliability can also be exerted. 

Since the LGD offering a high opera^ng speed and exhibiting a good viewing angle characteristic can be realized. 

55 expansion of an application range including the application to a monitor substituting for the GRT is expected. 
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Claims 

1 . A liquid crystal disclay device comprising: a first substrate and a second substrate processed tor vertical alignment; 
and a liquid aystai havrng a negative dielectric constant anisotropy and being sandwiched between said first and 
5 second substrates; orientations of said liquid crystal being vertical to said first and second substrates when no volt- 

age being applied, being almost horizontal to said first and second substrates when a predetermined voltage being 
applied and being oblique to said first and second substrates when an intermediate voltage Ic^er than the prede- 
termined voltage being applied. 

10 said first substrate comprising first domain regulating means for regulating azimuths of the oblique orientations 

of s^id liquid cryi.":tal; 

said first domain revjuieting means corrprisog a first structure br ^-^artiaily changing a ccnmct surface between 
saic first substrate and said i«qutd crystal to inclined surfaces; 

wherein the liquid crystal in the proximity of said indined surfaces being vertically oriented to said 
JS • inclined surfaces when no voltage Oeing applied, and azimuths said fiq'jid crystaJ far rrom said indined sit- 

face being determined according to the azimuths of *=:z^ liquid crystal in the proximity of said inclined surface 
when said irttermediate voltage being applied. 

2« A liquid crystal display device according to claim 1 . wherein said first structure includes protrusions projeaed to a 
20 layer of said liquid cr/sta). 

3, A liquid crystal display device according to claim 2. wherein said protrusions are made of dielectric materials on a 
first electrode of said first substrate. 

25 4. A liquid crystal display device according to daim 2. wherein pixel electrodes are formed on said second substrate, 
each of said protrusions extends straightly. and said protrusions are arranged in parailef to one another with a pre- 
determined pitch among them. 

5. A liquid crystal display device according to claim 4, wherein said predetermined pitch is equal to an arrangement 
30 pitch of said pixel electrodes, said protrusions extend in parallel to edges of said pixel electrodes and pass on posi- 
tions facing to centers of sard pixel electrodes. 

6. A liquid crystal display de/ice according to daim 2. wherein pixel electrodes are formed on said second substrate, 
said protrusions have point-like figures and said protrusions are arranged at positions facing to centers of said pixel 

35 electrodes. 

7. A liquid crystal display device according to daim 1 , wherein said first structure includes depressions depressed 
from a layer of said liquid crystal. 

*io X A liquid crystal display device according io claim 7, uvherein said depressions are provided under a first clcctrcde 
of said tirst substrate, and a surface of ::aid i'ltvX electrode partially itas inclined surfaces corresponding to iioid 
depressions. 

D. A liquid crystal display device according to claim 7. wherein a first electrode of satd first substrate includes slits 
45 operating as domain regulating means, said depressions and said slits are mutually arranged. 

10. A I/quid crystaJ display device according to claim 1 , wherein said first structure includes protrusions projected to a 
layer of said liquid crystal and depressions depressed from said layer of said liquid crystal. 

50 11. A liquid crystal display device according to claim 11, wherein said protrusions and said depressions are mutually 
arranged in parallel with a predetermined pitch. 

12. A liquid crystal display device according to claim 1. wherein area of said inclined surfaces in each pixel is less than 
50% of area of the pixel. 

55 

13. A liquid crystal display device according to claim 1. wherein said second substrata comprising second domain reg- 
ulating means for regulating azimuths of the oblique orientations of said liquid crystal; 
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14. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 

second structure for partially changing a contact surface between said second substrate and said liquid crystal lo 
inclined surfaces, and said first and second struaures include protrusions projected to a layer of said liquid crystal. 

5 15. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure for partially changing a contact surlace between said second substrate and said liquid crystal to 
inclined surfaces, and said first and second struaures include depressions depressed from a layer of said liquid 
crystal. 

to 16. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure for partially changing a ':ontact surface between said second substrate and said liquid crystal to 
inclined surfaces, one of said first and second structures includes protrusions prvijeaed t%o a iayer of said liquid 
crystal, and the other includes depressions depressed from a layer of said liquid crystal. 

IS 1 7. A liquid cry^stal display device according to cieim 1 3. wnerein said secor.d domain regulating means is slits provided 
on a second electrode of said second substrate, and said first structure includ3S protnjsions projected to a layer of 
said liquid crystal. 



18. A liquid crystal display device according to claim 13. wherein said second domain regulating means is slits provided 
20 on a second electrode of said second substrate, and said first structure includes depressions depressed from a 
layer of said liquid crystal. 

. , 19. A liquid crystal display device according to claim J 3. wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
25 inclined surfaces, and said first and second stnjctures respectively indude a pair of protrusions and depressions 
depressed from a layer of said liquid crystal. 

20. A liquid crystal display device according to claim 19. v/herein said protrusions and depressions on each substrate 
are mutually arranged in parallel with pitches of one and three, said protrusions and depressions of said first and 

30 second substrates are arranged in parallel to each other and are arranged so that said protrusions and depressions 
face wide spaces corresponding to large pitch, and protrusions and depressions of different substrates respectively 
neighbor. 

21. A liquid crystal display device according to daim 13. wherein said first structure indudes depressions depressed 
35 from a layer of said liquid crystal, a first electrode of said first substrate includes slits, said second domain regulat- 
ing means conriprises a second structure including depressions depressed from a layer of said liquid crystal and 
slits provided on a second electrode of said second substrate. 

22. A liquid crystal display device according to claim 21. wherein said depressions and slits on each substrate ^ww 
w mutually arranged in parallel with pitches of one and three, naid depressions and slits of said first and second r*i:b- 

.;trates are cirranged in parallel to each other and are arrnn^ed so that said depressions and slits face v.'He i:p:iCOS 
corrocponding to large pitch, and protrusions and depressions of different jubstrates rocpectivofy naicrhbor. 

23. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
45 second structure provided on said second substrate for partially changing a contact surface between said second 

substrate and said liquid crystal to inclined surfaces. 

24. A liquid crystal display device according to claim 23. wherein said first and second structures are made of dilerectric 
materials on electrodes of said first and second substrates. 

50 

25. A liquid crystal display device according to claim 23. wherein said first and second structures are made of conduc- 
tive materials on electrodes of said first and second substrates. 

26. A liquid crystal display device according to claim 23. wherein said first and second structures are provided under 
55 electrodes of said first and second substrates, and surfaces of said electrodes partially have inclined surfaces cor- 
responding to said first and second structures. 

27. A liquid crystal display device according to claim 23. wherein said first and second structures are arranged perimet- 



60 



r 



EP 0 384 626 A2 

nc pcxtions outside of display area in whicii no pixel exists. 

28. A liquid crystal display device according :o claim 24. wherein said dielectric material (orming said first and second 
structures is photosensitive resist 

29. A liquid crystal display device according to claim 28. wherein said photosensitive resist is a novotaK resist. 

30. A liquid crystal display device according to claim 28. wherein said photosensitive resist is baked after a pattern is 
drawn. 

0 

31 . A liquid c-.ystal display device according to claim 24. wherein the capacitance of said fi»^t and second structures is 
ten ur less tin-es larger than the capacitance of a la/er of said liquid crystal located undei or near said protrusionsj. 

32. A iicuid crystal display device according to daim 24. wherein the specf ic resistance of said first and second struc- 
5 tures is equal or larger than the specinc resistance ot said liquid crystal. 

33. A liquid crystal display device according to claim 24, wherein said first and second structures include protrusions 
projected to a layer-of said liquid crystal, and said protrusions are made of materiaLshielding_visihlfiJghL : 

20 34. A liquid crystal display device according to claim 24, wherein said first and second structures include protrusions 
projected to a layer of said liquid crystal, and said protrusions are provided with dents each having a slope in a lon- 
gitudinal direction. 

35. A liquid crystal display device according to claim 24, wherein said first and second structures include protrusions 
25 projected to a layer of said liquid crystal, and juts each partly having a slope in a longitudinal direction are formed 

on said protrusions. 

36. A liquid crystal display device according to daim 24, wherein said first and second structures include protrusions 
projected to a layer of said liquid crystal, and center portions of said protrusions. are depressed. 

37. A liquid crystal display device according to claim 24. wherein said first and second structures include protrusions 
projected to a layer of said liquid crystal, and said protrusions include a plurality of small holes extending near to 
the surface of said electrodes. 

35 38. A liquid crystal display device according to daim 24, wherein said first and second structures include ion absorption 

r.bility. 

:;9. A liquid crystal display device according to claim 38. wherein said first and second structures are tnade of materials 
added with addition agent having ion resorption abiliti(?s. 

•^'O. A liquid crystal display device accr;rding to claim '.!4. v/herein caid first and second structures Include nrctn^rio-Vi 
projeotod to a layer of said liquid crystal, and the ^urfrxcs of said protrusions is treated so as to be adcpicJ :j-r 
forming vertical alignment lilms therecn. 

45 41 . A liquid crystal display device according to daim 40. wherein said surface treatment to the surfaces of said protru* 
sions is effected for forming ruggedness. 

42. A liquid crystal display device according to claim 40. wherein said protrusions are made of resist, and said surface 
treatment to the surfaces of said protrusions is effected for irradiating with ultraviolet rays to the surfaces of said 

so protrusions. 

43. A liquid crystal display device according to daim 40. wherein said protrusions are made of materials in which par- 
ticulates are dispersed. 

55 44. A liquid crystal display device according to claim 40. wherein silane coupling agent is coated on the surfaces of said 
protrusions. 

45. A liquid crystal display device according to daim 24. wherein said first and second structures are formed by print- 
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ing, 

46. A liquid crystal display device according to claim 24. wherein said firs: and second structures includes protrusions 
projeced to a layer of said liquid crystal, a diameter of spherical spacers drf ining a thickness of said layer of sa liq- 

5 uid crystal is a difference subtracted a height of said protrusions from a desirable thickness of said liquid crystal 

layer. 

47. A liquid aystal display device according to claim 46, wherein a ratio of area of said protrusions with respect to dis- 
play area is between 1/10 to said spacers have a particle size distribution whose standard deviation is 0.1 to 

to 0.3 micrometers, and said spacers are dispersed with a density of 300 par licies per square millimeter. 

48. A liquid cryct&t display dev:ce according to claim 46. .vherein hardness ar^d elastic modulus of the matttrial fcf ming 
said protrusions are larger than those of said spacers. 

IS 42. A liquid crysia! display device according to ciaim 24. wherein said first and second sfLictures includes at ieast one 
layer simultaneously fc-med wrth other Dorlions of the device. 

50. A liquid crystal display .device: according to claini 49, wherein one of j;aidfirst_a^^^ 'yyhJpMson a 

TFT substrate on which active elements are formed, includes at least one insulating layer for insulating said active 
20 elements or bus lines. 

51. A liquid crystal display device according to claim 49, wherein one of said first and second structures, which is on a 
color filter (CF) substrate facing a TFT substrate on which active elements are formed, includes protrusions pro- 
jeaed to a layer of said liquid crystal, and said protrusions on said CF substrate is made of materials same as mate- 

25 rials of black matrices for shielding light at boundaries between pixel electrodes and bus lines or portions of active 
elements. 

52. A liquid crystal display device according to claim 51. wherein one of said first and second structures, which is on a 
color filter (CF) substrate facing a TFT substrate on which active elements are formed, includes protrusions pro- 
se ' * jected to a layer of said liquid crystal, and said protrusions on said CF substrate are formed by piling at least one 

material of color filters. .. 

53. A liquid crystal display device according to claim 51, wherein one of said first and second structures, which is on a 
color filter (CF) substrate facing a TFT substrate on which active elements are formed, includes protrusions pro- 

cs jected to a layer of said liquid crystal, said protrusions on said CF substrate are 'ormed by photo lithography with a 
mask corresponding to piled portions of at least two color filters. 

CA, A liquid crystal display device according to claim 51. wherein one of said first and second structures, which is on a 
color filter (CF) substrate facing a TFT substrata on which active elements are formed, includes protrusions pro- 
'^o jected to a layer of said liquid crystal, an electrode of said CF substrate Is formed on color f titers, and said protru- 
sions on said CP :;ubstrate are formed at bounc-aries of said cjlor filtom. 

o5. A liquid crystal display device according to claim 23, wherein a part of said first and ^econd stnjctures are arrangod 
at a perimeter of each pixel. 

45 

56. A liquid crystal display device according to claim 55. wherein said first and second structures arranged at a perim- 
eter of each pixel are made of material shielding light 

57. A liquid crystal display device according to claim 55. wherein said first and second structures aaanged at a perim- 
50 eter of each pixel define a thickness of a layer of said liquid crystal. 

58. A liquid crystal display device according to claim 55. wherein the perimeter at which said first and second structures 
are arranged is a part of whole perimeter of each pixel. 

. 55 59. A liquid crystal display device according to claim 23. wherein at least one of said first and second structures 
includes protrusions projected to a layer of said liquid crystal, height of said protrusions is equal to a desirabl thick- 
ness of a layer of said liquid crystal. 
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60. A liquid crystal display device according to claim 23. wherein said first and second structures includes protrusions 
projected to a layer ot said liquid crystal, a sum of height of said protrusions of said first and height of said protru- 
sions of said second structures is equal to a desiracle thickness of a layer of said liquid crystal. 

5 61. A liquid aystai display de/ice according to claim 13. wherein said second domain regulating means includes slits 
provided on a second electrode of said second substrate. 

62. A liquid crystal display device according to claim 61. wherein said second eiectrode consists ot pixel electrodes, 
and each pixel eleca-ode comprises partial electrodes divided by said slits and electrical connection portions elec- 
10 tricaily connecting said partial electrodes. 

S3. A ;iq'jid crysial display de'yice according !o claim 62. wh«:rein said eteCtrical ccnnection portions are airanged at 
perimeter of said pixel electrode. 

15 64. A liquid crystal display de/ica according to claim 62. comcrising light shield means for si^:<;lding a part oi S2«d elec- 
trical connection portions. 

65. A liquid crystal display de»/ice according to claim 62. wherein said sec ond do rpain regulating means includes pro- 

trustcns higner than surfaces ot said pixel electrodes and aranged inside said slits. 

20 

66. A liquid crystal display device according to daim 13. wherein said first structure is an array of protrusions (banks) 
or depressions (grooves) each extending straightiy. said protrusions or depressions are aaanged in parallel to one 
another with a predetermined pitch among them, second domain regulating means includes an array of protrusions 
or depressions or slits each extending straightiy. said protrusions, depressions or slits are an-angedln'parallel to 
25 one another with said predetermined pitch among them, said predetermined pitch is less than an arrangement 
pitch of said pixel electrodes. 

57. A liquid crystal display device according to claim 13. wherein said first structure is a pair of an-ays of protrusions 
(banks) or depressions (grooves) each extending straightiy, said protrusions or depressions are arranged in parallel 
30 to one another with a predetermined pitch among them, second domain regulating means includes a pair of arrays 
of protrusions or depressions or slits each extending straightiy. said protrusions, depressions or slits are arranged 
in parallel to one another with a predetermined pitch among them, directions in which said protrusions or depres- 
sions or slits of said pairs extend are different to each other, and said predetermined pitches are less than zn 
arrangement pitch of said pixels. 

35 

68. A liquid crystal display device according to claim 67. wherein said directions in which said protrusions or depres- 
sions or slits of said pairs extend are mutually different by 90 degrees. 

39. A liquid crystal display dcvica according to claim S7. wherein naid first structure includes protrusions, said r.ocor/J 
^ Jomain regulating means includes protrusions or slits, protrusions or slits of one of said pairs are mutually of isct hy 
n half of said predetermined pitch, protrusions or itlits of the other . ;f raid pairs arc a liltle oHset from a ctate In which 
Mid protrusions or s!fc fflce. 

VO. A liquid crystal display device according to any one of claims 56 to 69. wherein said predetermined pitch is an inte- 
rs gral submultiple of an*angement pitch of said pixels. 

71. A liquid crystal display device according to daim 13. wherein said first structure is an array of protrusions (banks) 
or depressions (grooves) each extending in one direction and being bent in zigzag at intervals of a predetermined 
cycle, said protrusions or depressions are arranged in parallel to one another with a predetermined pitch among 

50 them, second domain regulating means includes an array of protrusions or depressions or slits each extending in 
one direction and being bant in zigzag at intervals of said predetermined cycle, said protrusions, depressions or 
slits are arranged in parallel to one another with said predetermined pitch among them. 

72. A liquid crystal display device according to claim 71. wherein pixel electrodes are bent in zigzag, and patterns of 
55 said protrusions, depressions or slits correspond to said pixel electrodes. 

73. A liquid crystal display device according to claim 71. wherein bus lines are partially bent in zigzag and in corre- 
spondence to the patterns of said pixel electrodes. 
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74. A liquid crystal disolay device according to claim 71. wheretn a pattern of eacn pixel elecrode is almost a square, 
and pixel electrodes in adjaning row are mutually offset by a half of arrangement pitch of said pixel electrodes. 

75. A liquid crystal display device according to claim 74. wherein data bus lines extend in zigzag along with edges of 
5 said pixel electrodes. 

76. A liquid crystal display device according to c'aim 71. wherein said predetermined pitch is an integral submultipie c* 
said pixels. 

10 77. A liquid crystal display device according to daim 76. wherein said predetermined cycle is an integral submultiple of 
said pixels. . 

78. A liquid crystal display device according to any one of claims 66, 67 or 71 , wherein said first structure includes pro- 
trusions, said secor^d domain regulating means includes protrusions or slits, said protrusions of said first structure 
ts ■ and said protrusions or siils of said second domain regulating means are ottse: by a half of said predetermined 
pitch. 

Z9. .Aliquid .crystal display device according to any one of claims 66. 67 or 71 . wherein said first structure includes pro- 
trusions, said second domain regulating means includes protrusions or slits, said protrusioris of said first structure 

20 and said protrusions or strts of said second domain regulating means are offset from a state in which said protru- 
sions or slits face, and said offset is fully smaller than said predetermined pitch. 

80. A liquid crystal display device according to any one of claims 66. 67 or 71. wherein said first structure includes 
depressions, said second domain regulating means includes depressions, said depressions of said first structure 

25 and said depressions of said second domain regulating means are offset by a half of said predetermined pitch. 

81. A liquid crystal display device according to any one of claims 66. 67 or 71. wherein said first structure includes 
depressions, said second domain regulating means includes protrusions or slits, said depressions of said first 
structure and said protrusions or slits of said second domain regulating means are arranged to face to each other. 

30 

82. A liquid crystal display device according to daim 1. wherein said first structure indudes protrusions, a liquid aystai 
injection port through which said liquid crystal in injected into a gap between said first and second substrates is 
located on a side cf said device vertical to a direction in which said protrusions are extending. 

35 33. A liquid crystal display device according to daim 82. wherein exhaust ports through which an air or liquid crystal Is 
exhausted from the gap when said liquid aystat is injected are located on a side apposite to the side on which said 
liquid crystal injection port is located. 

it4. A liquid crystal display device according to daim 82. wherein an jlectrode used to apply a voita^ja ^.o *:.aid liquid 
•0 crystal and liaving no relation to dirplay is formed near said liquid crystal injection port. 

&5. A liquid crystal display device according to daim 23, wherein snid first structure indudes protrusions Corrr.-^d witli :{ 
iwo-dimensional lattice, said second structure include i)oint-like protrusions respectively facing centers of caoh 
frame element of said two-dimensional lattice. 

45 

86. A liquid crystal display device according to claim 85. wherein at least one of arrangement pitches of said two- 
dimensional lattice is smaller than one of arrangement pitches of pixel elearodes. 

87. A liquid crystal display device according to daim 85. wherein arrangement pitches of said two-dimensional lattice 
so coincide with an-angement pitches of pixel electrodes. 

88. A liquid crystal display device according to claim 86, wherein said protrusions having said two-dimensional lattice 
form are arranged on boundaries of pixel electrode on a TFT substrate on which active elements are formed, and 
said point-like protrusions are arranged on a color fitter substrate facing said TFT substrate so that each point-like 

55 protrusion faces to a center of each pixel electrode. 

89. A liquid crystal display device according to daim 23. wherein said first and second structures includes a plurality of 
groups each having protrusions extending along edges of rectangulars of similar figures and of different sizes, and 
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said protrusions are mutually arranged so that centers of respecive reaangulars coincide to each other. 

90. A liquid crystal display device according to claim 39. wherein said rectangulars are similar to said pixels, a maxi- 
mum size of said rectanguiar coincides wtth that of each pixel, and centers of said rectangulars of each group coin- 

5 cide with a center of each pixel. 

91. A liquid crystal display device according to claim 13, comprising auxiliary domain regulaling means arranged 
perimeters of each pixel for generating orientation regulation force in a direction different from the direcion of ori- 
entation regulation force by the electric field generated in a non-display region. 

to 

92. A liquid aystai display device according to claim 31. wherein said auxiliary domain regulating a;eans Is .arranged 
along a part and in the .neighborhood of an e6q?, of said pixe! 

93. A liquid crystal display device according to daim 23. wherein said first and second domain regulating mean? are 
IS protrusions projeaed to a layer of said liquid crys*^l. pixel electrodes are provided on said first substrate, a coulter 

electrode :c provided on said second electrode, and at ti^.s edges of each pixel electrode extending in parallel to the 
extending direction of said protrusions, the protrusions nearest to the pixel electrode inside said pixel electrode are 
located on said second substrate^andthe i)iptrusioas_n_earest 
located on said first substrate. 

20 

94. A liquid crystal display device according to daim 93. wherein said protrusions nearest to said pixel electrode out- 
side said pixel electrode are arranged on a bus line. 

95. A liquid crystal display device according to daim 23. wherein said first and second domain' regulating means are 
25 an'ays of protrusions projected to a layer of said liquid crystal, and in said array of protrusions, at least one repeti- 
tion condition of the array such as the width of the protrusions, the interval between adjacent protrusions and the 
height of the protrusions indudes at least two different values. 

SB. A liquid crystal display device according to daim 95. wherein the inten/al between adjacent protrusions is smaller 
30 in the neighborhood of the bus line than at the central portion of the pixel. 

07. A liquid crystal display device according to claim 95. wherein a plurality of pixels constitute a set of pixels, at lear.t 
one of the width of the protrusions, the inten/al bet//een adjacent protrusions and the height of the protrusions is 
different among a plurality of pixels constituting each set of pixels, and the width of the protrusions, the interval 

35 between adjacent protrusions and the height of the protrusions are fixed in each pixel.. 

08. A liquid crystal display device according to claim 97. wherein the thickness of the layer of said liquid crystal is dif- 
ferent at the plurality of pixels constitiiting the set. 

^0 09. A liquid crystal display device according to daim 23, whorein said first and second domain ic^gulnting means ar-3 
an'oys of protrusions projected to a layer of said liquid crystal, and said array of protrusions indudes periodic Jly- 
repeated protrusions having two or more diffennt values of side sur^ce indination angles (taper angles}. 

100.A liquid crystal display device according to claim 99. wherein a plurality of pixels constitute a set of pixels, the side 
45 surface inclination angle of a protrusion is varied from one pixel to another in each pixel set. and the side surface 
inclination angle of the protrusion in each pixel is fixed. 

1 01 .A liquid crystal display device according to claim 13. comprising auxiliary electrodes (CS electrodes) for forming a 
storage capacitor with pixel electrodes, wherein said auxiliary electrodes are formed along of said domain regulat- 
50 ing means. 

102.A liquid crystal display device according to claim 13, comprising light shielding patterns provided along of said 
domain regulating means. 

55 103.A liquid crystal display device according to claim 13. wherein said first structure is a first an'ay of protrusions 
(banks) each extending straightly in a first direction, said protrusions are arranged in parallel to one another with a 
predetermined first pitch among them, said second domain regulating means includes a second array of protru- 
sions or slits each extending straightly in a second direction different from the first direction, said protrusions or slits 
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are arranged in parallel to one another with a predetermined second pitch among them. 

104.A liquid crystal display device according lo claim 103, wherein additional protrusions or slits are further provided at 
centers oi frames, which are formed when vertical^/ seen to the substrates Dy satd first array of protrusions and said 
5 second array of protrusions or slits, on either of said first or second substrate. 

1Q5.A liquid crystal display device according to claim 104. wherein said additicnai protrusions or slits have figures sim- 
ilar to the frames. 

to 106.A liquid crystal display device acconJing to claim 103. wherein said first an-ay of p*'C-.fusions and said second array 
of protrusions or slits ars aossed at right angle when vertically seen to :he subs+races." 

107.A liquid crystal display device according to claim 103, wherein a sum of a thicknesses of said protrusion of said first 
array and a thicknesses of said protrusion of said second array is equal to the thickness of a layer of said liquid ays- 
ts tal, and crossing porttoris of said protrubion of said first and second arrays operate as space.'c. 

1C8.A liquid crystal display device according to claim 13. wherein said first structure includes protrusions formed with a 

first twa-d'(mer^onaUattice.-said.secondjjomain regulating meaos includes protrusions or slits formed with a sec-. 

ond two-dimensional lattice having same array pitches as those of said first two-dimensional lattice, and said first 
20 and second two-dimensional lattices are offset by half pitches of said array pitches. 

109. A liquid crystal display device according to claim 108. wherein crossing portions, which are formed when vertically 
seen to the substrates by said first array of protrusions and said second array of protrusions or slits, are mutually 
omitted, and said protrusions or slits of said first and second arrays are intermitten. 

25 

110. A liquid crystal display device according to claim 23, wherein said first and second structures include protrusions 
(banks) of dielectric materials each extending straightly in one direaion, said protrusions are arranged in parallel 
to one another wth a predetermined pitch among them, electrodes of said first and second substrates are partially 
formed on one of slopes of said protrusions. 

30 

111. A liquid crystal display device according to claim 1 10, wherein said dielectric materials forming said protrusions 
passes visual light 

1 1 2. A liquid crystal display device according to claim 1 10. wherein said protnjsions of different substrates are arranged 
35 so that slopes of said protrusions on which no electrode is formed are nearer to each other 

1 1 3. A liquid crystal display device comprising: a first substrate and a second substrate processed for vertical alignment; 
and a liquid crystal having a negative anisotropic dielectric cons*iant and being sandwiched between r.aid first -ind 
second substrates: orientations of said liquid crystal layer being vertical to said first and second substrates v/hen 

^0 no voltage being applied, being almost horizontal to naid first and second substrates when a predetermined vollace 
being applied and beir;g oblique to said first and :;econd substrates when an intermediate voltage lower lhan Uio 
predetermined voltage being applied. 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 

45 of the oblique orientations of said liquid crystal: 

said first domain regulating means includes a fir^ array of protrusions (walls) each extending straightiy in a ftrst 
direction, said protrusions are arranged in parallel to one another with a predetermined first pitch among them; 
said second domain regulating means includes a second array of protrusions or slits each extending straightly 
in a second direction different from the first direction, said protrusions or slits are an^nged in parallel to one 

50 another with a predetermined second pitch among them. 

114. A liquid aystal-display device according to claim 113. wherein additional protrusions or slits are further provided at 
centers of frames, which are formed when vertically seen to the substrates by said first anay of protrusions and said 
second array of protrusions or slits, on either of said first or second substrate. 

55 

1 1 5. A liquid crystal display device according to daim 1 1 4. wherein said additional protrusions or silts have figures sim- 
liar to the frames. 
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116. A liquid aystal display device according to claim 1 13. wherein said first array of protrusions and said second array 
ot protrusions or slits are crossed at right angle when vertically seen to the substrates. 

1 1 7. A liquid crystal display device corrpnsing; a first substrate and a second substrate processed tor vertical alignment: 
and a liquid crystal having a negative amsciropic dieieanc constant and being sandwiched between said first and 
second substrates; orientations of said liquio crystal layer Deing vertical to said first and second substrates when 
no voltage being applied, being almost horizontal to said first arxj second substrates when a predetermined vottage 
being applied and being oblique to said first and second substrates when an intermediate voltage lower than the 
predetermined voltage being applied. 

said first and second substrates ccmprising f/st and second domain regulating m^ans for regulating azimuths 
of the oblique orientations of said liquid crystal: 

said first domain regulating means includes an array cf protrusions (banks) or depressions (grooves) or slits 
eaoh exteridirig \r\ a direction and being bent in zigzag at inter/als of a predetermined cycle, said protrusions 
or Qtspressions are arranged in parallel to one another wi;h a credeterminec pitch among them: 
second domain regulating means includes an array cf protrusions or d3prass;ons or slits each extending in 
said direction and being bent in zigzag at intervals of said predetermined cycle, said protrusions, depressions 
Qr_slits_ace-arcangedin.pafailel to one another.with.said.predetermined.pitch_anx5ng.them. ; 

113.A liquid crystal display device according to claim 117. wherein said predetermined pitch is an integral submuitiple 
of said pixels. 

119. A liquid crystal display de/ice according to claim 117, wherein said predetermined cycle is an integral submuitiple 
. of said pixels, 

25 

120. A liquid crystal display device according to claim 1 1 7. wherein said protrusions or depressions or slits of said first 
and secons substrates are offset by a half of said predetermined pitch. 

121. A liquid crystal display device, characterized by comprising: 

30 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical to said substrates 
when no voltage is applied across said liquid aystal. and are nearly horizontal when a voltage is applied across 

35 said liquid crystal, and are nearly oblique when a voltage being less than a predetermined voltage is applied 

across said liquid crystal, and in which domain regulating means consisting of one of or a combination of pro- 
trusions, depressions and slits formed in electrodes is provided on a surface of at least one of said two sub- 
strate and in which, when a voltage being less than the predetermined voltage is applied across said liquid 
crystal, uaid liquid crystal is regulated so that the oblique alignment is caused in a plurality of directions in cr.ch 

■:0 riixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption a>:cs 
thereof intersect with each other at right angles: and 

at least one phase difference film having optically inplane positive uniaxiality. placed in at least one of cpaces 
formed between said liquid aystal panel and one of said first and second polarizing plates, which are provided 
45 at one or both of the sides of said liquid crystal panel, and between said liquid crystal panel and the other 

thereof. 

1 22 A liquid aystal display device, characterized by comprising: 

so a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 

between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no voltage is applied across said liquid crystal, and are nearly horizontal when a voltage is 
applied across said liquid crystal, and are nearly cblique when a voltage being less than a predetermined volt- 

55 age is applied across said liquid crystal, and in which domain regulating means consisting of one of or a com- 

bination of protrusions, depressions and slits formed in electrodes is provided on a surface of at least one of 
said two substrate and in which, when a voltage being less than the predetermined voltage is applied across 
said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 
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tions in each pixel: 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with eacn other at ngnt angles; and 

at least one of phase difference films each having optically negative uniaxiality in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polartzing plates, wnich are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal panet and the other thereof. 

123. A liquid crystal display device, characterized by compnsing: 

a liquid crytrtal pane' in which a liquid crystal having 3 regative dielectric constant enlsotropy is sandwiched 
between two su03trai:?s. namely, upper and lower subst'atas on the surfaces of which a vertical alignment 
treatment is peilormed. and in which crientaticns of said liquid crystal are nearly vertical to said substrates 
when no voltaga is acX5ited across said liquid ayr^i. and are nearly hcrizontal when a voltage is apglied across 
said liquid aystai. and arc near iy oblique when a voltage boing less ^han a predetermined voltage is applied 
across said liquid crystal, and in which domain regulating means consisting of one of or a combination of pre- 
trusions. depressions and slits formed in electrodes is provided on a surface of at least one of said two sub- 

strate- and in which, whena voltage being less than the predetermined .vottage js.applied.across^icUiQuid 

crystal, said liquid crystal is regulated so that the otilique alignment is caused in a plurality of directions in each 
pixel: 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 

thereof intersect with each other at rigm angles: 

a first phase difference film having optically inpiane positive uniaxialHy. placed between said liquid crystal panel 
and said first polarizing plate so that a phase lag axis thereof intersects with the absorption axis of said first 
polarizing plate at right angles: and 

a second phase difference film having optically negative uniaxiality in a direction of thickness thereof, placed 
between said liquid crystal panel and said second polarizing plate. 

124. A liquid crystal display device, characterizsd by comprising: 

a liquid crystal panel in which a. liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no voltage is applied across said liquid crystal, and are nearly horizorrtal when a voltage is 
applied across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt- 
age Is applied across said liquid crystal, and in which domain regulating means consisting of one of or a com- 
bination cf protrusions, depressions and slits formed in electrodes is provided on a surface of at loast one of 
said two substrate and in which, when a voltage being less than the predetermined voltage is cppiiecJ across 
caid liquid crystal, ^aid liquid crystal is regulated so that the obliqua alignment is caused in a plurality of direc- 
tions in each pixel: 

first and second polarizing plates placed at both itides of said liquid crystal panel so that absorption roces 
thereof intersect with each other at right angles: 

a first phase difference film having optically inpiane positive uniaxiality. placed between said liquid crystal panel 
and said first polarizing plate so that a phase lag axis thereof intersects with the absorption axis of said first 
polanzing plate at right angles: and 

a second phase difference film having optically negative uniaxiality in a direction of thickness thereof, placed 
between said first phase difference film and said first polarizing plate. 

125. A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no voltage is applied across said liquid aystai. and are nearly horizontal when a voltage is 
applied across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which domain regulating means consisting of one of or a com- 
bination of protrusions, depressions and slits formed in electrodes is provided on a surface of at least one of 
said two substrate and in which, when a voltage being less than the predetermined voltage is applied across 
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said liquid crystal, said liquid crystal Is regulated so that the oblique alignment is caused in a plurality of direc- 
tions in each pixel; 

first and second polarizing plates placed at boXh sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; 
5 a first phase difference film having optically inpiane positive uniaxiality. placed between said liquid crystal panel 

and said first polarizing plate so that a phase lag axis thereof intersects with the absorption axis of said f]rs{ 
polarizing plate at right angles; and 

a second phase difference film having optically negative uniaxiality in a direction of thickness thereof, placed 
between said liquid crystal panel and said first polarizing plate. 

to 

126.A liquid crystal display device* characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of >which a vertical alignment 
treatment is performed, and In which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no voltage is applied across said liquid crystal, and are nearly horizontal when a voltage is 
applied across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt* 
age is applied across said liquid crystal, and in which domain regulating means consisting of one of or a com- 
bination of protrusions, depressions and slits formed in electrodes is provided on a surface of at least one of 
said two substrate and in which, when a voltage being less than the predetermined voltage is applied across 
said liquid aystal. said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 
tions in each pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; 

at least one o1 phase difference films, whose inpiane dielectric constantes n, and riy and dielectric constant n^ 
in a direction of thickness thereof have the following relation: n^. ny > n^, which is placed in at least one of 
spaces between said liquid crystal panel and one of said first and second polarizing plates and between said 
liquid crystal panel and the other thereof. 

30 127. A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no voltage is applied across said liquid crystal, and are nearly horizontal when a voltage is 
applied across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which, when a voltage being less than the predetermined volt- 
age is applied across said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused 
in a plurality of directions in each pixel: 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles: and 

at least one phase difference film having optically inpiane positive uniaxiality, placed in at least one of spaces 
formed between said liquid aystal panel and one of said first and second polarizing plates, which are provided 
at one or both of the sides of said liquid crystal panel, and between said liquid crystal panel and the other 
thereof. 

128.A liquid crystal display device, characterized by conrpristng: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
so between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 

treatment is performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no voltage is applied across said liquid crystal, and are neariy horizontal when a voltage is 
applied across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which, when a voltage being less than the predetermined volt- 
55 age is applied across said liquid crystal, said liquid crystal is regulated so that the obliqu alignment is caused 

in a plurality of directions in each pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; and 



so 
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at least one of phase difference films each having optically negative uniaxiality in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polarizing plates, which are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal panel and the other thereof. 

5 

129. A liquid crystal display device in which negative-type liquid crystals are held between two pieces of upper and lower 
substrates of which the surfaces are vertically oriented, said liquid crystals are oriented nearly vertically when no 
voltage is applied, oriented nearly horizontally when a predetermined voltage is applied, and are oriented aslant 
when a voltage smaller than said predetermined voltage is applied, wherein one of said two pieces of color filter 

10 substrates comprises: 

a transparent support member; 

plural kinds of color decomposition filters formed on said transparent support member for each of the regions; 
a transparent electrode formed on said color decomposition filters: and 
15 a tight-shielding film formed at any position on saki transparent electrode. 

130. A liquid crystal display device in which negative-type lk:|uid crystal is hekj between an upper and lower substrates 
of which the surfaces are vertically oriented, said liquid crystal is oriented nearly vertically when no voltage is 
applied, oriented nearly horizontally when a predetermined voltage is applied, and are oriented aslant when a voit- 

20 age smaller than said predetermined voltage is applied, wherein a molar mixing ratio of contamination elements of 
polyurethane and skin mixed to the liquid crystal is less than 1/1000. 

131 .A liquid crystal display device according to claim 130. wherein each contamination element of the mixed poly- 
urethane or sWn has an area smaller than 5 jim x by 5 pm. 

25 

1 32.A process for producing a substrate for vertically oriented liquid crystal display having, on the surface thereof, a pro- 
trusion that works as a domain regulating means to so restrict that said liquid crystals are oriented in a plurality of 
aslant direction in each pixel when a voltage smaller than a predetermined voltage is applied, comprising: 

30 a step of forming a protrusion after electrodes have been formed on the surface of said substrate; 

a step of treating the surface of said protrusion to facilitate the formation of a vertical alignment film; and 
a step of forming a vertical alignment film on the surface of said substrate on which the electrodes have been 
formed, of which the surface has been treated, and which includes said protrusion. 

35 1 33. A process for producing a substrate for vertically oriented liquid crystal display according to claim 1 32, wherein rug- 
gedness is formed on the surface of said protrusion by a plasma ashing treatment in the step of treating the surface 
of said protrusion. 

1 34. A process for producing a substrate for vertically oriented Ikijukj aystal display according to claim 1 32, wherein rug- 
40 gedness is formed on the surface of saki protrusion by an ozone ashing treatment in the step of treating the surface 

of said protrusion. 

1 35. A process for producing a substrate for vertically oriented liqukf crystal display according to claim 1 32. wherein rug- 
gedness is formed on the sur^ce of said protrusion by washing with a brush In the step of treating the surface of 

45 said protrusion. 

1 36. A process for producing a substrate for vertically oriented liquid crystal display according to claim 1 32. wherein rug- 
gedness is formed on the surface of said protrusion by rubbing in the step of treating the surface of said protrusion. 

so 1 37.A process for producing a substrate for vertically oriented Ikjuid aystal display according to claim 1 32, wherein said 
protrusion is irradiated with ultraviolet rays in the step of treating the surface of saki protrusion. 

138. A process for producing a substrate for vertically oriented liquid crystal display according to claim 132. wherein 
silane coupling agent is coated onto the substrate on which sakJ protrusions are formed in the step of treating the 

55 surface of saki protrusions. 

139. A process for producing a substrate for vertically oriented liquid crystal display according to claim 132. wheran said 
protrusions are treated to foam in the step of treating the surface of said protrusions. 
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140.A process tor producing a substrate for vertically oriented liquid crystal display according to claim 139, wherein said 
substrate is rapidly heating so that said protrusions toam in the step of treating jlhe surface of said protrusions. 

141 .A process for producing a substrate for vertically oriented liquid crystal display having, on the surface thereof, pro- 
5 trusions that work as domain regulating means to regulate azimuths of orientations of said liquid crystal when mol- 
ecules of said liquid crystal are tilted by applying a voltage is applied, comprising: 

a step of coating resin after electrodes are formed on the surface of the substrates; 
a step of scattering particulates on the surface of the resin; 
10 a step of forming the resin into protrusions; and 

a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and the pro- 
trusions have been formed. 

142. A process for producing a substrate for vertically oriented liquid crystal display having, on the surface thereof, wails 
IS that work as domain regulating means to regulate azimuths of orientations of said liquid crystal when molecules of 

said liquid crystal are tilted by applying a voltage is applied, comprising: 

a step of forming sets of two walls neighboring to each other; 

a step of heating said two walls to be fused into one wall having a groove at center thereof: and 
20 a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and the pro- 

trusions have been formed. 

1 43. A process tor producing a color filter substrate that is used as one of the two pieces of substrates for a liquid crystal 
display device in which liquid crystals are oriented nearly vertically when no voltage is applied, oriented nearly hor- 

25 izontally when a predetermined voltage is applied, and are oriented oblique when a voltage smaller than said pre- 
determined voltage is applied, said color f Oter substrate having plural kinds of color decomposition filters formed on 
a transparent support member for each of the regions, comprising: 

a step of successively forming two or more color decomposition filters while superposing predetermined por- 
30 tions one upon the other among said plural kinds of color decomposition filters; 

a step of applying a positive-type photosensitive resin; and 

a step of developing said negative-type photosensitive resist after said positive-type photosensitive resist is 
exposed, through said colored members, to light with which said positive-type photosensitive resist is photo- 
sensitized, said light having a wavelength that transmits very less through the portion where said two or more 
35 color deconrposition filters are superposed than through other portions. 

144. A process for produdng a color filter substrate according to darm 143. further comprising a step of forming a trans- 
parent and flat layer after said plural kinds of color decomposition filters have been formed. 

40 145.A process for produdng a color filter substrate according to claim 143, wherein said positive-type photosensitive 
resist has light-shielding property. 

1 46. A process for producing a color filter substrate that is used as one of the two pieces of substrates for a liquid crystal 
display device in which liquid crystals are oriented nearly vertically when no voltage is applied, oriented nearly hor- 

45 izontally when a predetermined voltage is applied, and are oriented aslant when a voltage smaller than said prede- 
termined voltage is applied, said color filter substrate having plural kinds of color decomposition filters formed on a 
transparent support member tor each of the regions, comprising: 

a step of forming plural kinds of color decomposition filters on the transparent support member for each of the 

50 regions: 

a step of forming a transparent electrode on said color decomposition filters; and 
a step of forming a light-shielding film at any position on said transparent electrode. 

147. A process for producing a color filter substrate according to daim 146, wherein said step for forming the light- 
55 shielding film conrprises: 

a step of applying a photosensitive resist onto said light-shi toing film which includes said transparent elec- 
trode; 
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a step of etching said photosensitive resist after it has been developed by exposure to light through a prede- 
termined pattern: and 

a step of annealing said photosensitive resist that is left on said light-shielding film after the etching; 

wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 

1 48. A process for producing a color filter substrate according to daim 1 46. further comprising: 

a step of applying a positive-type photosensitive resist onto said transparent electrode which includes said 
light-shielding film after the step of forming said light-shielding film; 

a step of developing said negative-type photosensitive resist after said negative-type photosensitive resist has 
been exposed to light through said light-shielding film; and 

a step of annealing said photosen^tive resist that is left on said light-shielding film after the developing; 
wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 
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